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Abstract
The Software as a Service (SaaS) model is a service-based model in which a desired
service is assembled, delivered and consumed on demand. The IBHIS broker is a
‘proof of concept’ demonstration of SaaS which is based on services that deliver
data. IBHIS has addressed a number of challenges for several aspects of service-
based software, especially the concept of a ‘broker service’ and service negotiation
that is only used in establishing end-user access authorizations.
This thesis investigates and develops an extended form of service-based broker,
called CAPTAIN (Care Planning Through Auction-based Information Negotiation).
It extends the concepts and role of the broker as used in IBHIS, and in particular,
it extends the service negotiation function in order to demonstrate a full range of
service characteristics. CAPTAIN uses the idea of the integrated care plan from
healthcare to provide a case study. A care planner acting on behalf of a patient
uses the broker to negotiate with providers to produce the integrated care plan for
the patient with the broker and the providers agreeing on the terms and conditions
relating to the supply of the services.
We have developed a ‘proof of concept’ service-oriented broker architecture for
CAPTAIN that includes planning, negotiation and service-based software models to
provide a flexible care planning system. The CAPTAIN application has been eva-
luated that focuses on three features: functions, data access and negotiation. The
CAPTAIN broker performs as planned, to produce the integrated care plan. The
providers’ data sources are accessed to read and write data records during and af-
ter service negotiation. The negotiation model permits the broker to interact with
the providers to produce an adaptable plan, based on the client’s needs. The pri-
mary outcome is an extendable service-oriented broker architecture that can enable
more scalable and flexible distributed information management by adding interac-
tion with the data sources.
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Chapter 1
Introduction
This chapter first presents the motivation for this research and then describes the re-
search methodology adopted for the investigation and the development of a service
oriented broker system incorporating elements of negotiation. It also discusses the
criteria for success, identifies the author’s contributions, and provides an outline of
the thesis.
1.1 Statement of Problem
The conventional development of software has focused on supply-side issues, driven
by developers or technology rather than end users (Budgen et al., 2004). However,
software developed and delivered as a product is not adaptable to the new era of
rapidly changing business needs. Moreover, the internet has been increasingly used
as a disruptive platform for new various kinds of business model (Domingue et
al., 2009). As a result, the software industry as established by software vendors
has begun to move from software products to more profitable software services
(IBM-SaaS, 2010). Accordingly, the new approach of software development has
employed a demand-led strategy that focuses more on the needs of the end users or
service consumers (Kohlborn et al., 2009; Budgen et al., 2004).
1
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A further benefit of the “service-oriented” approach is that it is independent
from particular software programming languages or operating systems (Papazoglou
et al., 2007). The “service-oriented” approach allows software to be composed by
discovering and invoking a set of services through a network of services. Hence,
business services can be exposed and offered to facilitate demand from other service
software or consumers.
Therefore, a service-oriented model of software can be used to develop software
providing a software service that is consumed on demand and may be discarded la-
ter by the end users (Budgen et al., 2004; Elfatatry & Layzell, 2004; Demirkan et
al., 2008). Software service-based models have been used as the means to deve-
lop software around a demand-centric aspect that leads to software delivered as a
service (Bennett et al., 2000; Kohlborn et al., 2009). “The most significant benefit
of the service model is the ability to loosely couple dynamic services, finding and
binding the services as needed” (Budgen et al., 2007). An example of the evol-
ving nature of software service-oriented models is a service-oriented architecture
(SOA) (Laplante et al., 2008; Papazoglou et al., 2007). The SOA is used to design
and develop an agile service-oriented software, providing services that are dynami-
cally and loosely coupled and that are consumed by other distributed applications
or services.
A software service is “the delivery of software functionality by autonomous, dis-
tributed computation elements, usually across a suitably high-bandwidth network”
(Budgen et al., 2004). The software service can be essentially characterized as being
used rather than owned, being independent of programming language construction,
being stateless, and providing a contractual interface (Budgen et al., 2007). It exhi-
bits a set of reusable application functionalities that can be composed in regard to
business requirements (Kohlborn, Korthaus, Chan and Rosemann, 2009).
The use of the software as a service model can lead to highly flexible and agile
2
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software that should be able to achieve the needs of emergent open businesses. In
addition, the platform-independent nature of software services provides a flexible
means of creating distributed systems, especially those that involve distributed in-
formation management, drawing information together from independent agencies.
Figure 1.1: Distributed information management
Figure 1.1 shows the conceptual framework for a distributed information mana-
gement strategy that involves the aggregation and management of information from
a number of various sources. These sources are physically distributed and are ow-
ned by independent agencies, holding data in diverse forms. The agencies perform
a passive role in the provision of information to the end users that the agencies’ data
access services are based on the ‘read-only’ property. The data sources of the agen-
cies are accessed without the change of the content in the data sources. In contrast,
the broker service plays an active role that involves identifying which sources of
information should be used to address a specific query at the time when the query is
relayed to the sources. The broker acts as a ‘trusted intermediary’ and on behalf of
the end user to acquire information from the various agencies and then to manage
3
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the acquired information to meet the needs of the end user.
An example of this kind of the distributed information management system is
travel services. The travel agencies act as an information broker providing services
about the journey according to the queries of the end users. An agency’s broker will
aggregate information from a number of diverse travel providers and then manage
the aggregated information into a form based on the interest of the end users.
IBHIS (Integration Broker for Heterogeneous Information Sources) is an example
system of a service-based broker dealing with distributed information management
(Budgen et al., 2007). IBHIS has shown that distributed information management
can be organised around simple information services, involving limited negotiation
of data access, based upon a user’s role. IBHIS uses the concept of a broker to
aggregate information from the various agencies and then to blend and deliver the
aggregated information to the end user.
Figure 1.2: Distributed information management with interaction
However, as shown in Figure 1.2, when going beyond a passive role as a source
of information, distributed information management may need some degree of inter-
action between the broker and the agencies in order to achieve a specific task for the
4
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end user. In such a context, the agencies perform in an interactive role that the agen-
cies’ data access services are based on the ‘read-write’ property. The data sources
of the agencies are accessed to read and write the content in their data sources.
Therefore, the agencies can interact or respond to the broker through some specific
mechanisms, for instance negotiation for a plan. In such a situation, the broker acts
on behalf of the end user. The broker gathers and uses the needs and preferences
of the end user to negotiate with the agencies on the terms and conditions of the
provision of the agencies’ services in order to accomplish agreement and to resolve
any conflicts of interest between them. As the result of the negotiation, the end user
can make an appropriate decision about the plan.
This project has therefore been motivated by the need to develop a service-based
software model that can deliver the distributed information management with inter-
action. The project aims to extend the concept of IBHIS to a situation where there
are multiple service providers for a given function or capability and where we then
want to negotiate the terms and conditions for choosing and using a given provider’s
service.
The following sections will describe the planning and information gathering
contexts. They are the key contexts of distributed information management, both
with and without interaction. Both contexts are described, together with their pro-
blems, roles and limitations, and in turn these lead to the research question.
1.1.1 Information Gathering
End users or clients have been key elements in the new era of information and tech-
nology (Budgen et al., 2007). These clients, ranging across individuals, businesses,
and government agencies, widely retain information in computer systems. At the
5
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same time, network technology with enhanced speed and bandwidth has expanded
the degree of interconnectivity among computer systems. Consequently, the clients
have an increasing demand for information while technology has an increasing ca-
pability to gather and integrate information from a number of diverse resources.
Within a distributed context, information gathering relies on the discovery of
appropriate resources by dynamically finding and locating all resources that can po-
tentially provide information that is relevant to the needs of the client. The resources
are potentially distributed, heterogeneous in form and owned by autonomous infor-
mation service agencies. All relevant resources providing information required by
the client are first located dynamically. Then these resources are accessed to gather
information for the client.
In addition, the resources may well be autonomous and employ specific rules,
for instance about content authorisation and access control. These rules may require
confidentiality or place restrictions upon accessing and using the resources’ data.
The client then has to be authorised to access the resources’ data. Authorisation
to the data is constrained by characteristics related to, such as, individuals, their
roles and any team membership. The client therefore has to negotiate with the
resources for the right of data provision. However, the role of negotiation within
the context of information gathering is mainly limited to access control needed to
use the data. So there is no form of negotiation between the client and the resources
arising from possible conflicts of interest, for instance the price of a product. In
such a situation, the client tries to negotiate with the resources for the cheapest
price while the resources seek to obtain the highest price for the highest benefit. The
result of the negotiation is a mutual price agreed by both negotiation participants.
Software as a Service (SaaS) is a software service-based model used to deal
with information gathering or acquisition from distributed, heterogenous and au-
tonomous resources dynamically (Budgen et al., 2007, 2004). SaaS is a dynamic
6
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service-based approach that is based on a demand-led concept, in which desired
services are assembled and used on demand to deal with a specific requirement.
SaaS is organised around five main service functions: description, discovery, ne-
gotiation, delivery and composition. Service description provides the information
about the services provided. It includes the service descriptions of such characteris-
tics as functionality, non-functional aspects and constraints. The service description
is used by the service delivery to locate appropriate services, resulting in a group
of candidate services and providers. The service composition, then, may take place
to create a new service composed from a set of lower level services. Service ne-
gotiation is a process in which the client and service providers interact to reach an
agreement on the terms and conditions for the supply of a service. Service delivery
is the process of actually delivering an agreed service. Therefore, SaaS is employed
as a software delivery model for delivering the software service system as a service
to a client. (Laplante et al., 2008; Budgen et al., 2004). The advantage of delivering
software services with this approach is in reducing the limitations of software use,
deployment and evolution, for instance cost and time.
IBHIS is a ‘proof of concept’ of SaaS demonstrating a service-based broker ar-
chitecture which is based on services that deliver data (Budgen et al., 2005, 2004).
IBHIS is a truely service-based system. It demonstrates how potentially enormous-
scale healthcare data from various data sources that are distributed, heterogeneous
and autonomous can be integrated. It uses an information broker model to provide
information services for the client (the end user). The information broker service
“offers the opportunity of integrating data from a range of autonomous agencies,
while at the same time preserving any restrictions on access to or use of the infor-
mation that either agencies or legal and ethical frameworks might impose” (Budgen
et al., 2007). For IBHIS, the information broker acts on behalf of the client. It
blends the demands and preferences of the client. Then it uses this to gather infor-
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mation from serveral distributed data sources and melds the gathered information
into an appropriate form that meet the client’s needs.
In terms of use of negotiation, IBHIS employs an element of service negotia-
tion to determine access permissions of the end user to data services (Budgen et al.,
2004). However, the form of service negotiation involved does not deal with any
conflict of interests between the client and service providers to reach a mutually
acceptable agreement on such issues as cost. In particular, the ‘service broker’ as-
pect of IBHIS is used to provide services that exhibit only ‘read-only’ properties in
terms of negotiation. The service access involved in the specific domain of appli-
cation being ‘read-only’, involves making a copy of the requested data and leaving
the data sources unchanged.
1.1.2 Planning
Planning is the process of setting goals, developing strategies, outlining activities
and scheduling of a plan in order to accomplish the objective of a plan (Kodner
and Spreeuwenberg, 2002; Kerzner, 2003; Neies and Berman, 2004). A planner
or planning team works by exchanging information with a service provider and
negotiating appropriate terms and conditions in order to produce and manage the
plan. Then a number of participants perform or operate a set of actions or activities
according to the plan.
An example of planning is the process of organising a mortgage loan for a home
buyer. A mortgage broker creates a mortgage plan for the home buyer. The broker
finds and negotiates with potential lenders for the best deal for a loan that will
meet the needs of the home buyer. Therefore, negotiation is an important process
for developing the plan that meets the needs of a service consumer as well as the
constraints of the service providers.
Negotiation is “a form of interaction aimed at tailoring needs dynamically” (El-
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fatatry and Layzell, 2004), especially within intensely dynamic service environ-
ments where consumers and providers are continually forced to change their de-
mands and the supply of services respectively. Negotiation involves the process of
‘give-and-take’ that is the “heart of negotiation” (Lewicki et al., 2006). Negotia-
tion participants use negotiation as a decision-making approach in order to seek for
mutual agreements according to the conflicts of interest between them (Bichler et
al., 2003). The negotiation participants can negotiate with each other based on both
functional and non-functional issues, such as cost and quality of service (Dang and
Huhns, 2005). There are many types of negotiation protocols, such as an auction.
The auction is a public trading mechanism in which goods of merchandise are sold
by a seller or an autioneer to a buyer who offers the highest bid (Bajari et al., 2009).
Consequently, planning the delivery of a service involves three main activities.
• Discovery of resources
• Negotiation for service delivery
• Creating of a service plan
A client or a service requestor first finds the resources or service providers that
can supply the services required by the client. Then the client negotiates with the
resources for a specific episode of service delivery that is based on the needs of the
client and the constraints of the resources. Finally, when there is agreement between
the negotiation parties, the service plan is created .
The role of information within the context of planning, therefore, is different
from an information gathering context where the information is used to describe the
actual service, and so acts as a means of accessing the actual service. Here, the role
of negotiation is to agree on service provision, rather than to perform access control
as occurs in the context of information gathering.
When compared with ‘manual’ service planning, a planning service system or
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tool, developed as service-based software, can provide advantages for the planner
from several perspectives, and especially.
• When dynamic ‘on the fly’ choice of services is needed
• To permit faster emergence of negotiation agreements
The planning system enables the planner to produce and manage the plan by dyna-
mically finding and negotiating with a number of various providers in the emergent
global market. So the planner can get the most suitable services from the providers.
Moreover, the planning system can set up terms for automatic negotiation where
services are selected dynamically.
Figure 1.3: The conceptual framework of planning service system
Figure 1.3 shows the conceptual framework of the planning service system.
The conceptual framework merges planning, negotiation and software service-based
models in order to provide planning services to produce a plan for the client. The
plan identifies the most appropriate resources for supplying the set of services that
are requested by the client.
The three models of the conceptual framework are employed for different ob-
jectives as follows.
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• The planning model is based on the particular planning service context, such
as health and social care planning.
• The software service model provides the dynamic service context that the
system employs to find the candidate resources and invoke their services.
• The negotiation model allows the plan to be adapted to meet the specific needs
of the client.
The planning model is the central structure of the planning system for organising
resources to meet the needs of the client. The software service-based model en-
ables the planning system to find and use the resources as they become available
to provide their services to the client. The negotiation model enables adaptation of
the details of the plan, based on the interest of the client, by interacting with the
providers. Consequently, these three models can be used for developing a flexible
planning service system that can deal with the dynamic needs of the client and the
constraints of the providers.
1.1.3 Research Question
Table 1.1 compares the role of the broker in these two contexts of information ga-
thering and planning. They are different in terms of problem; characteristic; the role
of information and negotiation; and the method of using software service models to
address the problems.
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Table 1.1: Research context
Therefore, to acquire a planning system, the service-based broker architecture
needs to include a proper negotiation model alongside the planning model, so that
the planning system developed is flexible and adaptable. Consequently, the deve-
lopment of a planning system based on the service-based broker architecture leads
to the research question.
“Can we extend the service-based broker architecture incorpora-
ting negotiation elements to enable the development of a planning bro-
kering service system that is flexible?”
This question essentially asks whether a software service-based model can be used
to provide a flexible and agile software providing services, particularly information
gathering, to meet the needs of emergent open markets. The service-based model
can also include the concept of the broker to act on behalf of the end user in order
to deal with a number of agencies, based on the interest of the end user. Howerver,
the broker and the agencies may need some degree of interaction, especially service
negotiation, to accomplish a specific task for the end user. Hence, the planning
broker provides planning services by finding appropriate agencies, negotiating with
them, and creating a service plan for the end user.
In addition, the provision of service to a consumer may be supplied by several
service providers through a service supply chain (Bennett et al., 2000). From the
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lowest layer of the service supply chain, suppliers supply their basic or primitive
services through a hierarchy of service providers or a consumer-supplier (retail)
market. The consumer, at the upper end of the service supply chain, should receive
the service that meets the consumer’s needs. Therefore, the information broker
can also form a primitive service in a hierarchy of service providers by providing
its information to the other service brokers, through a consumer-supplier (retail)
market. A planning service broker in the higher layers of the hierarchy of service
providers does not have to deal with the original data sources directly and can focus
on their roles and let the information broker deal with the distributed, heterogeneous
and autonomous data sources.
We therefore propose to investigate how a service-based broker architecture,
that includes the concept of the broker, the service supply chain and the negotiation
model, can be extended for the development of a flexible and adaptable planning
system, providing the planning services for the end user.
1.2 Research Method
The research method adopted for this project is based on “Concept Implementation”
as described in Glass et al. (2004). The objective is to create a ‘proof of concept’
system to demonstrate the feasibility of a research. This project aims to develop
and investigate a service-oriented broker system, called CAPTAIN (Care Planning
Through Auction-based Information Negotiation), by extending the concepts and
role of the broker used in IBHIS. CAPTAIN also extends the service negotiation
function employed in IBHIS in order to demonstrate a full range of service-based
software characteristics: description, discovery, negotiation, delivery and composi-
tion. A service-oriented broker architecture for CAPTAIN has been developed ba-
sed on a case study by identifying the specific issues and problems of the case study
within healthcare context. The CAPTAIN service-oriented broker architecture in-
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cludes a negotiation model that has been developed for the service negotiation. A
CAPTAIN prototype has been built and implemented, based on the service-based
broker architecture. The prototype is used as a “proof of concept” system to de-
monstrate the feasibility of the proposed model. The prototype has been demons-
trated through application of a use case and its scenarios, focusing on the three main
features of the service-oriented broker application: function, data access and nego-
tiation. The demonstration application is used to evaluate the potential output and
outcome of the extended service-oriented broker architecture.
Consequently, this research uses the idea of an integrated care plan, as deployed
within the healthcare sector, to provide a case study. A clinician, who acts on behalf
of a patient, determines the form of a plan for a patient and operates the plan that
will satisfy the patient’s needs. The clinician then negotiates with several health
and social care providers in order to agree on the terms and conditions relating to
supplying the services need for plan.
To achieve the objective of this research, the software service-oriented broker
architecture for CAPTAIN employs two forms of service broker.
• A care planning broker or P-Broker providing a care planning service for the
integrated care plan needed by a client
• An information broker or I-Broker providing an information service for the
P-Broker
The P-Broker negotiates with various health and social care service providers based
on the needs of the client. During service negotiation, the I-Broker acts as an in-
termediary by organising exchange of the messages between the P-Broker and the
service providers. Data access in CAPTAIN takes the form of an active role (read-
write), as when there is an agreement between negotiation participants, the content
in the data resources will need to be updated to represent the new state.
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CAPTAIN employs a negotiation model through which the P-Broker negotiates
with the service providers to produce the integrated care plan that meet the client’s
needs. This negotiation model uses an auction model, and is based on the conflict
of interest between the client and the service providers. It was developed based on
the ideas of the traditional negotiation model together with several more specific
negotiation models, especially Web services (Hung et al., 2004), service-oriented
environments (Elfatatry and Layzell, 2004) and E-business (Kim and Segev, 2003).
The traditional negotiation model consists of three fundamental negotiation ele-
ments: object, protocol and decision model (Jennings et al., 2001). In addition, a
specific negotiation model may then be needed to deal with a particular negotiation
situation because different negotiation situations have different characteristics (Bi-
chler et al., 2003). Therefore, the negotiation model for CAPTAIN consists of the
following four main negotiation elements.
1. Negotiation object contains the information needed for negotiation between
the P-Broker and the DASs in order to produce the integrated care plan for
the client.
2. Negotiation protocol specifies the rules and the states of negotiation interac-
tion that all system components of CAPTAIN have to follow during service
negotiation process.
3. Negotiation process is a dynamic end-to-end process starting from the client
request and ending up with a resolution. There are three main stages of nego-
tiation process: pre-negotiation, service negotiation, and post-negotiation.
4. Decision model comprises of the rules employed by the P-Broker and the
DASs for decision making during their negotiation.
These negotiation elements are incorporated into CAPTAIN so that the CAPTAIN
system can provide a full range of service characteristics: description, discovery,
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negotiation, delivery and composition.
The implementation of the service-oriented application is based on Java 2 En-
terprise Edition (J2EE) Web Services technologies, and runs within Eclipse Java EE
IDE for Web Developers environment working on the Windows platform. The ap-
plication supports current Web services standards, for instance SOAP (Simple Ob-
ject Access Protocol), WSDL (Web Services Description Language), UDDI (Uni-
versal Description, Discovery and Integration) and XML (Extensible Markup Lan-
guage).
Figure 1.4: Research framework
Figure 1.4 shows the overall research framework for this thesis. It involves four
main stages described as follows.
1. General question
The general question from Section 1.1.3 addresses the context of the software
service-based model and the planning services. It is initially motivated from
experience with IBHIS, a service-based broker software. The general ques-
tion is mapped to the implementation part that uses the integrated care plan
as a research case study for the service-based broker model of the planning
services and service negotiation.
2. Implementation
A service-based broker architecture for CAPTAIN has been designed and de-
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veloped by extending the concepts and role of the broker used in IBHIS. The
prototype of CAPTAIN has been developed and implemented in order to de-
monstrate a ‘proof of concept’ for the use of negotiation. The development of
the prototype consists of five main parts as follows.
• Develop the system architecture of CAPTAIN
• Develop a negotiation model for CAPTAIN
• Define the key issues and problems of the integrated care plan
• Incorporate negotiation elements into CAPTAIN
• Develop the prototype of CAPTAIN
3. Evaluation
A comprehensive use case and associated scenarios are built based on the
integrated care plan. They are used to test and evaluate the CAPTAIN proto-
type.
4. Conclusion
The results of evaluation are extrapolated to derive conclusions about how
well the use of services and negotiation are able to answer the research ques-
tion.
The result of this project is a service-oriented planning broker application. It is a
planning system that is flexible, adaptable and platform independent. It deals with
the needs of the client and the constraints of the providers within planning service-
oriented context. The output of the planning system is an integrated care plan that
meet the client’s needs.
This project provides two major outcomes. Firstly, it demonstrates the scalabi-
lity of the software service-oriented broker architecture. The new planning broker
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service can potentially and flexibly extend the concept of the service-based broker
architecture, through the service supply chain within a software services open mar-
ket. As a result, the extended service-based architecture can be used as the basis for
diverse kinds of service-oriented broker software.
Secondly, the flexibility of service interaction between the service brokers is
the other key outcome of this project. The negotiation model can be employed to
accommodate the service broker in order to compose and tailor with the other bro-
ker services to deal with their conflict of interests and/or to obtain the best offered
services from a group of the candidate service brokers.
Therefore, the concept of the service-oriented broker architecture incorporating
elements of negotiation can be extended to enable a scalable and flexible distributed
information management with interaction.
1.3 The Criteria for Success
In this thesis, the criteria for success have been defined as follows.
1. The functions of the CAPTAIN broker
The CAPTAIN broker provides a care planning service that performs as the
central element of the CAPTAIN system. The client should be able to use
and operate the system, through the CAPTAIN broker, to create, modify and
manage the integrated care plans that should meet the needs of a patient.
2. The role of data access (read-write)
The planning broker provides a care planning service by negotiating with
the providers to create the integrated care plan to the patient. The negotia-
tion of both negotiation participants is based on content. The content in the
data sources should be updated if the planning broker and the providers have
an agreement on terms and conditions of the providers’ service provision.
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The information broker provides information services to the planning broker.
Therefore, to meet a request from the planning broker, the information bro-
ker needs data access (read-write) to the providers’ data sources in order to
update the status of the service negotiation.
3. The negotiation model
The negotiation model is the key part of the service negotiation between the
CAPTAIN broker and the service providers. During service negotiation, all
negotiation elements should perform properly to achieve the objective of the
negotiation participants. The result of the negotiation is the integrated care
plan required and should be satisfied by the patient.
4. The system behaviour of the CAPTAIN prototype
The CAPTAIN system is a distributed system consisting of different system
components which are spatially separated. The system behaviour of CAP-
TAIN is observed in terms of the main system components to ensure that they
process their tasks, and then, send and receive messages among them as in
the event orders specified or regulated by CAPTAIN. An event logger should
be used to record the timestamp of a sequence of the events, occurring when
there are the execution of a subprogram or interactions among system com-
ponents of CAPTAIN.
5. Use case and scenarios
A set of scenarios based on the use case is used to evaluate the CAPTAIN
prototype based on its three key features: the functions of the broker, the
role of data access (read-write), and the negotiation model. The evaluation
result should also reflect the potential of the extended service-oriented broker
architecture.
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1.4 Contributions
Table 1.2 shows the service architectures, main contribution and features of CAP-
TAIN and IBHIS repectively. The IBHIS service architecture consists of the in-
formation broker and DASs. IBHIS involves distributed information management
without interaction in which the DASs perform a passive role in providing data ser-
vices to the information broker. The content of the DASs’ data sources is accessed
by the information broker based on read-only protocols.
Table 1.2: The contribution of CAPTAIN
The contributions of CAPTAIN are the extension of the concepts and role of
the broker, the service negotiation and data access model used in IBHIS. The CAP-
TAIN service architecture encompasses a care planning broker to provide planning
services to an end user. CAPTAIN deals with distributed information management
with interaction in which the DASs perform an active role to negotiate with the
planning broker to accomplish the objective of the end user. Service negotiation
needs data access with the ‘read-write’ property to the DASs through the informa-
tion broker in order to update the status of service negotiation.
20
CHAPTER 1. INTRODUCTION
Figure 1.5: The framework of the concept implementation
Figure 1.5 presents the framework of the concept implementation to provide a
‘proof of concept’ of CAPTAIN. The key contribution of the concept implemetation
is described as follows.
1. Software service-oriented broker architecture
The software service-oriented broker architecture for CAPTAIN is developed
based on three major foundations: software service-based models, brokering
services and a service supply chain. The architecture includes planning, ne-
gotiation and service-based software models. This architecture enables the
development of a flexible and adaptable service-oriented broker system pro-
viding care planning services to the end user.
2. Planning model
A planning model is developed based on the use case of an integrated care
plan within health and social care context. The objective is to enable the
development of the planning service system that produces and manages the
integrated care plan for the end user.
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3. Negotiation model
A negotiation model has been developed based on the integrated care plan and
an auction model. The negotiation model provides the interaction between the
planning broker and the providers via the information broker in order to deal
with their conflicts of interests. The aim of the negotiation interaction is fo-
cused on the end user’s needs or preferences. The elements of negotiation
for CAPTAIN have been chosen based on the conventional negotiation model
and several automated negotiation models from various aspects of negotiation
situations, such as service-oriented environments and Web services. The ne-
gotiation model enables the adaptable planning service application to produce
the integrated care plan, based on the interest of the end user.
4. Service-oriented broker application
The development of the service-oriented broker application is based on the
software service-oriented broker architecture that incorporates the planning,
negotiation and service-based broker models. The CAPTAIN broker provides
a flexible and adaptable planning services producing the integrated care plan
according to the needs of the client. The application provides a proof of the
extended broker concept.
5. Use case and scenarios
A set of scenarios based on the use case has been developed based on an in-
tegrated care plan within the context of health and social care. The scenarios
are used to demonstrate, evaluate and review the service-oriented broker ap-
plication of CAPTAIN as the “proof of concept”. The use case developed
focuses on the three main features of the service-oriented broker application:
the functions of the broker, the role of data access (read-write), and the nego-
tiation model.
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1.5 Overview of the Thesis
This thesis is organized into nine chapters.
Chapter 1 discusses the problem to be solved. It also describes the motivation
and aim of this research and defines the method used to investigate and to develop
a service-based broker concept and its application. Then it sets out the criteria for
success as well as its contribution and outlines the structure of the thesis.
Chapter 2 examines the background of service-based software. It describes the
service concept in software, following with service-based software. Two main soft-
ware service models are then introduced: Service-Oriented Architecture (SOA) and
Software as a Service (SaaS). Web services, as a form of service software techno-
logy, are described, as well as an explanation of the relationship between SaaS and
Web services.
Chapter 3 describes the architecture and operation of the IBHIS broker, which
is a ‘proof of concept’ of SaaS. This chapter also decribes how the IBHIS broker
was implemented by using Web services.
Chapter 4 examines the studies of negotiation from various perspectives. It des-
cribes the principles of negotiation, as well as the types of negotiation studied and
applied in different aspects. Then the role of automated negotiation is discussed
and we introduce some negotiation models that are useful for providing a negotia-
tion model for CAPTAIN.
Chapter 5 determines the nature of the integrated care plan that forms the basis
of the research case study. This chapter presents the conceptual framework and the
operation of a care planning system used for producing the integrated care plan for
a client. An example care plan is presented and described by means of a Use Case
and its scenarios.
Chapter 6 describes the implementation of the broker concept of CAPTAIN. It
presents the architecture of CAPTAIN, including its negotiation model. Negotiation
23
CHAPTER 1. INTRODUCTION
elements of the negotiation model are described. This chapter describes the imple-
mentation of the CAPTAIN application, starting from the original prototype to the
present CAPTAIN application. It describes the development and deployments tools
used for developing and implementing the prototype CAPTAIN application.
Chapter 7 evaluates and reviews the results from using the ‘proof of concept’
version of CAPTAIN. It describes a comprehensive use case and associated sce-
narios based on the integrated care plan, that are used to evaluate the CAPTAIN
system. The results of the evaluation are also described to show that CAPTAIN sys-
tem can perform the main service functions of creating, modifying and deleting an
integrated care plan that meet the purpose of this research. During and after nego-
tiation, the data sources are accessed to update the content based on the agreements
between negotiation participants. In addition, the negotiation model enables adap-
tation of the details of the plan, based on the interest of the client, by interacting
with the providers.
Chapter 8 discusses and interprets the evaluation of CAPTAIN. It also reviews
several issues such as its limitations and discusses how well the research question
is answered.
Chapter 9 presents the conclusion of this thesis, summarizes its original work
and contribution, and then identifies some possible directions for further work.
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Service-based Software
This chapter examines the background of service-based software. It also describes
how the service concept is realised in software. Then it describes and compares
the specific software service models involved in this thesis. Finally it describes
technologies that are used to realise software services.
2.1 The Service Concept in Software
A service is described as “a software component of distinctive functional meaning
that typically encapsulates a high-level business concept” (Krafzig et al., 2004). A
service’s aim is to take on particular functions to produce value to the business
(Domingue et al., 2009). Its specification can be classified in terms of a number of
characteristics, such as service contract that meets a consumer’s different choices,
and such as security addressing authorisation for accessing and using a particular
service. Hence, the service is a provident domain of control containing a group of
tasks to accomplish any objectives related to the service provision.
A service has the following general characteristics (Domingue et al., 2009).
• Intangibility: Services are intangible in that delivery is different from that
used for goods which are physical.
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• Perishability: Both perishable services and goods have similar characteristics
that they cannot be used after expired date and kept for later use.
• Customer contacts: A customer, who contacts a provider for services more
often, requires the higher rapid demand for a service.
• Simultaneity: A service consumer is not just a person who expresses a demand
for products and services any more. Instead the consumer has become a part
of the production process, as a co-creator of a service.
• Heterogeneity: The heterogeneity of customers’ service demands reflects the
frequency of interaction between the service provider and the consumer. Some
consumers require a simple service while the other consumers needs highly
elaborated services.
• Demand fluctuation over time: The level of capacity management required
depends on the variation in demand. Therefore the level of service production
is in response to its consumption.
• Customization: Within the competitive environment, customized services ba-
sed on the consumer’s needs are a value-added feature that attracts a consumer
to purchase the service.
• Complexity: Simultaneity of production and consumption of services leads
to higher interaction among system components, involving people, processes
and shared information, leading to greatly complicated service systems.
The provision of service to a consumer may be supplied by several service providers
through a service supply chain (Bennett et al., 2000). From the lowest layer of
the service supply chain, suppliers supply their basic services through a consumer-
supplier (retail) market or a hierarchy of service providers. The consumer, at the
upper end of the service supply chain, should receive the service that meets their
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needs. There may be service contracts or agreements between the consumer and
the service supplier(s) that specify the terms and conditions for buying and selling
the services. These may involve binding legal agreements. So the supplier can
guarantee that the consumer will receive services that meet the quality of service
levels defined in the contracts or agreements.
In terms of delivering software services, services are classified as being of two
main kinds (Kohlborn, Korthaus and Rosemann, 2009).
1. Atomic services are independent from other services. Atomic services supply
their functionality to the other services or the client. There are three types of
atomic services.
(a) Utility services provide application functionality that is relevant to data
processing within legacy system environments.
(b) Entity services present business centric services. They include one or
more services needed to generate a business interface for an end-user.
(c) A task service is one that is created in order to accomplish a firm’s ad
hoc needs.
2. Composite services consist of the following two types.
(a) Logic-aggregation services manage and provide services for the end-
user by composing and processing a group of atomic services based on
process logic and related business rules.
(b) Data-aggregation services encompass entity services to provide their
functionalities as a package to integrate information, exposed across a
number of heterogeneous systems with different data models embedded
in them.
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Consequently, end-user services can be composed out of smaller ones (and so on
recursively) and in a dynamic context, these are procured (and possibly paid for)
on demand (Bennett et al., 2001). The end-user can create, compose and assemble
services by bringing together a number of suppliers to meet the end-user’s require-
ments at a specific point in time.
2.2 Service-Based Software
The role of a service in the new era of modern business has obviously been chan-
ged from the forms of service provided by traditional businesses. This has mainly
resulted from the rapid growth of the internet technology. The internet has been
increasingly used as a disruptive platform for new various kinds of business model
(Domingue et al., 2009). However, the conventional development of software has
focused on supply-side issues, driven by developers of technology rather than end
users (Budgen et al., 2004). Hence, software developed and delivered as a product
is not adaptable to the new era of rapidly changing business needs. To deal with
new demands of the consumers, software can be delivered as a service, focusing on
the quickly changing needs of the consumer. As a result, the software industry as
established by software vendors has begun to move from software products to more
profitable software services (IBM-SaaS, 2010).
A software service is the delivery of software functionality in a flexible and
adaptable approach by using autonomous and distributed computational elements,
usually across a appropriate high-bandwidth network (Budgen et al., 2004; Bennett
et al., 2000). A software service exhibits a set of reusable application functionalities
that can be composed in regard to business requirements (Kohlborn, Korthaus, Chan
and Rosemann, 2009). The resulting benefit is the higher level of flexible and agile
software to meet the needs of rapid changing business. A software service can be
essentially characterised as follows (Budgen et al., 2007).
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• Being used rather than owned
• Being independent of programming language construction or platform
• Being stateless and not preserving user-related knowledge across episodes of
use
• Providing a contractual interface
Services are regarded as a means of providing the “service-oriented” approach that
is independent from particular software programming languages or operating sys-
tems (Papazoglou et al., 2007). The “service-oriented” approach allows software
to be composed by discovering and invoking a set of services through a network of
services. Use of service orientation enables business services or operations to be ex-
posed and offered to other service software or business partners in order to facilitate
on-demand collaboration opportunities (Kohlborn, Korthaus, Chan and Rosemann,
2009). Hence, “service-oriented approaches are used for developing software appli-
cations and software-as-a-service that can be sourced as virtual hardware resources,
including on-demand and utility computing” (Demirkan et al., 2008).
Consequently, a service-oriented model of software can be used to develop soft-
ware that provides a service that is consumed on demand and may be discarded
later by the end users (Budgen et al., 2004; Elfatatry & Layzell, 2004; Demirkan et
al., 2008). This new approach to software development has employed a demand-led
strategy that focuses more on the needs of the end users or service consumers (Kohl-
born et al., 2009; Budgen et al., 2004). Software service-based models have been
used as the means to develop software around a demand-centric aspect that leads to
software delivered as a service (Bennett et al., 2000; Kohlborn et al., 2009). “The
most significant benefit of the service model is the ability to loosely couple dyna-
mic services, finding and binding the services as needed” (Budgen et al., 2007). An
example of the evolving nature of software service-oriented models is the concept
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of a service-oriented architecture (SOA) (Laplante et al., 2008; Papazoglou et al.,
2007). An SOA is used to design and develop an agile service-oriented system,
providing services that are dynamically and loosely coupled and that are consumed
by other distributed applications or services.
In the service-based model of software, there are two main following issues
that need to be considered: the nature of the service supply; and the anatomy and
structuring of services (Bennett et al., 2000).
1. The nature of the service supply
The nature of the service supply is the means by which services are provided
through a service supply chain from primitive services to consumers. The
primitive services, at the bottom of the chain, provide essential system func-
tionalities. They are supplied by a hierarchy of service providers: supplier-
supplier (wholesale) and consumer-supplier market (retail). At the top of the
chain, consumers with needs are supplied and satisfied by the provision of
software services. In an entirely adjustable service supply chain, consumers
would not need to renegotiate for service provision before the time of need
because of ultra-late binding between the business problem and solution. Ser-
vice components are bound instantly, as when they are needed, and then that
binding is discarded. Non-functional attributes of the software are required
by ultra-late binding to support automatic negotiation and resolution.
2. The anatomy and structuring of services
For the anatomy and structuring of services, the structure of software must
be finer-grained and operate transparently in order to be flexible software
required by a service-based environment. Consequently, non-technical fac-
tors, such as a service agreement, can apply to the entire software product.
Different terms and conditions of its use may relate to specific parts of a soft-
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ware product. Hence, a service can be described as being a highly interrelated
software element requiring combination which is wrapped by a service-level
agreement.
2.3 Software as a Service
SaaS is a service-based software model. It has been observed that “clients are
increasing their adoption of SaaS, driven by ease of deployment, flexibility, sca-
lability, and predictable pricing models” (IBM-SaaS, 2010). SaaS is based on a
demand-led concept in which desired services are assembled and used, as and when
needed, to deal with a specific requirement (Budgen et al., 2004). It focuses on
detaching the possession and ownership of software from its use by configuring and
joining a set of services at the time of delivery. “Using SaaS, a vendor can deliver
a software system as a service” (Laplante et al., 2008). The advantage of delivering
software services with this approach is in reducing the limitation of software use,
deployment and evolution, for instance cost and time.
In the SaaS model, “services are composed out of smaller ones (and so on re-
cursively), procured and paid for on demand” (Bennett et al., 2001; Budgen et al.,
2007). Composing such a service involves managing supplier-consumer relation-
ships. Users can create, compose and assemble a service by bringing together ser-
vices from a number of suppliers to meet needs at a specific point in time.
Figure 2.1: Layered service model taken from (Turner et al., 2003)
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Figure 2.1(a) and 2.1(b) presents the service supply-led and demand-led model
respectively (Turner et al., 2003; Budgen et al., 2004). The supply-led service model
consists of two layers. The service transport layer employs technologies such as
Microsoft’s .NET or Sun’s J2EE platform together with XML-based envelopes and
message formats, for example Web services Description Language (WSDL). A set
of composed services from this layer delivers a pre-defined set of applications at the
top layer.
However, the applications provided by the supply-led model are not flexible be-
cause they only provide a pre-defined range of services from the service providers.
The techniques, processes and methods associated with software development based
on the supply-led model have been conventionally focused on supply-side matters
(Bennett et al., 2000; Elfatatry and Layzell, 2004). This can lead to the production
of software that is oriented towards the perceptions of software developers instead
of the needs of end-users. However software products or applications developed
in this way are not necessarily suitable for an open marketplace or emergent orga-
nisations that are in a state of constant process change (Cusumano, 2008; Bennett
et al., 2000). Hence the argument that software should deliver a service in order to
accomplish the aims of functionality, flexibility and time to market or to organisa-
tions (Turner et al., 2003). This new approach to software development is therefore
focussed on a demand-centric aspect, so that software can be delivered as a service
within the framework of a global marketplace (Kohlborn, Korthaus and Rosemann,
2009; Bennett et al., 2000, 2001).
The demand-led model is extended from the supply-led model. The demand-led
model is flexible, extendable and adaptable because it includes a service integration
layer over the service transport layer (Budgen et al., 2004). Applications can be
built from a set of atomic services and bound dynamically as needed. The service
integration layer comprises of five major service functions (Budgen et al., 2007).
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1. Service description provides several elements of the elementary information
about the services provided. It includes descriptions of such characteristics
as functionality, non-functional aspects, constraints, and interfaces. Addi-
tionally, it expresses the parameters used to negotiate by the client and the
provider.
2. Service discovery provides the means by which appropriate services will be
located by the client.
3. Service composition is the means by which a service is composed from a set
of lower level services.
4. Service negotiation is a process in which the client and service providers in-
teract to reach an agreement on the terms and conditions for the supply of a
service.
5. Service delivery is the process of actually delivering an agreed service. It
consists of three sequential steps: invocation, provision and suspension.
2.4 SaaS and SOA
A service-oriented architecture (SOA) embodies a software service-based model
and the concept has been getting a lot of attention as the means of developing
service-based software. However, the concepts of SOA and SaaS may make people
confused about the difference between SOA and SaaS. This section will describe
the concept of SOA and the differences between the two concepts as follows.
2.4.1 Service-Oriented Architecture (SOA)
A service-oriented architecture (SOA) is a software service-based model in which is
“a business-driven IT architectural approach that supports agile business innovation
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and optimization” (IBM-SOA, 2007) by “integrating business as linked, repeatable
business tasks, or services” (IBM-SOA, 2010). The SOA quickly and easily as-
sembles, related business functions into the particular application required by the
business at a given point of time, and is important for meeting the on demand busi-
ness needs for flexibility and integration. An SOA provides “a paradigm for organi-
zing and utilizing distributed capabilities that may be under the control of different
ownership domains” (Kohlborn, Korthaus, Chan and Rosemann, 2009). It is based
on a form of a distributed systems architecture (W3C, 2010; Booth et al., 2004),
where a distributed system is composed of various and discrete software systems or
agents that must cooperate to perform some tasks. These software systems may all
not operate in the same processing environment. Therefore, they have to communi-
cate through a network, based on hardware/software protocol stacks.
Figure 2.2: Service Oriented Architecture taken from (Erl, 2007)
Figure 2.2 shows the relationship of three types of SOA participants: the service
provider, the service registry, and the service client. The interactions between these
participants address the publishing, finding and binding operations (Erl, 2007).
1. The service provider specifies a service description and publishes it to a ser-
vice registry.
2. The service client or requestor can retrieve the service description from the
34
CHAPTER 2. SERVICE-BASED SOFTWARE
service registry to find the service provider.
3. It uses the service description to bind with the service provider and then in-
vokes the service through the service implementation.
Figure 2.3: The key abstraction of an SOA taken from (Krafzig et al., 2004)
Figure 2.3 illustrates the four main abstractions of an SOA that are described as
follows (Krafzig et al., 2004).
1. The application frontend is the proprietor of the business process, providing
business services to the client.
2. A service supplies business functionalities that are employed and used by the
application frontends and other services and consists of the three following
main components.
(a) A service contract that identifies the functionality and forms of use, to-
gether with terms and conditions between the client or service consumer
and provider to use the service.
(b) A service implementation provides business logic and data according to
the needs of the application frontends and other services.
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(c) A service interface physically provides the functionality, through which
the client of the application frontends may interact with the services.
3. A service repository retains the service contracts of the particular services of
the SOA.
4. A service bus accomodates the interconnection between the application fron-
tends and services.
2.4.2 Comparison Between SOA and SaaS
Table 2.1: Focused Zachman model for comparing SOA and SaaS taken from (La-
plante et al., 2008)
Laplante et al. (2008) uses the Zachman architectural model to distinguish the SOA
and SaaS approaches to building software, as shown in Table 2.1. “Because the
Zachman model is so intuitive, the approach” taking “to describe the differences
between SaaS and SOA works well even with non-IT professional” (Laplante et al.,
2008). The comparison of SOA and SaaS focuses on the network dimension in
which service components of SOA and SaaS architecture are connected via a net-
work. The comparisons are described from the following perspectives.
1. Objective/scope
The SOA is a group of a software services that can be potentially used . While
the group of services for SaaS is meant to be delivered.
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2. Owner
From the SOA point of view, a set of services is be found and used. Howe-
ver SaaS describes the business services to be provided. The advantage of
using existing business services greatly reduces the cost of software design
and development.
3. Designer
The SOA is viewed as an architectural model used to describe how constituent
service components interact with each other. On the other hand, SaaS depicts
the forms of interaction that occurs among consituent components, which are
not typically services.
4. Builder
Both SOA and SaaS have to specify a technology, for instance Web services,
is suited to the interaction patterns identified in the information system model.
Figure 2.4: The overlapping concepts of SaaS and SOA taken from (Singla, 2009)
In addition, Singla (2009) presents the overlapping concepts of SOA and SaaS
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as shown in Figure 2.4. The similarity and difference of both SOA and SaaS are
described from the aspects of their exposure, deployment and the key elements of
platform.
1. Exposure
SaaS is regarded as the provision of applications over the network based on
a subscription basis with the pay-as-you-go model. SOA is primarily used
to bring out functionality from distributed systems in the format of stateless
functions.
2. Deployment
SOA deployment are commonly carried out within IT environments and the
services are provided to end users via the other applications. In a different
manner, SaaS deployments create business processes that are aimed directly
at the end users.
3. Platform
A SaaS platform consists of two following key elements.
(a) Core elements for supporting main business functions, such as ordering
and provisioning; user authentication and authorization; and billing.
(b) Supporting elements for the common business functions, such as mar-
keting; lead tracking; and revenue and financial management.
The general SOA platform comprises of two main elements consisting of ser-
vice providers and consumers from diverse business organisations. The pro-
viders publish their services through the SOA platform, and these are then
used by the consumers. Moreover, from the technical perspective of the SOA
platform, there are a number of other elements, for instance communication
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protocol (Simple Object Access Protocol - SOAP), service interface defini-
tions (Web Services Description Language - WSDL) and service discovery
(Universal Description, Discovery, and Integration - UDDI).
Furthermore, a typical large enterprise consists of the service providers and
consumers, that could be applications or systems owned by various depart-
ments or organisations. Therefore a proper service management process is
needed to deal with service provision and consumption on the service pro-
viders’ host that takes into account of cost of creating and/or using services.
Consequently, service management with cost leads to the need for a number
of services, such as service catalogue management, authentication and usage
metering. These services deployed by the SOA are also become the need of
the core elements of a SaaS platform.
“Brieftly stated, the difference between SaaS and SOA is that the former is a software-
delivery model whereas the latter is a software-construction model” (Laplante et al.,
2008). “It is probably quite intuitive that most complex architectures including SaaS
architecture will benefit from SOA capabilities, but an SOA platform needing SaaS
capability is not that intuitive” (Singla, 2009). Consequently, the SOA adopts a ser-
vice component to construct new service systems that are published and delivered
as new services. Then SaaS delivers the software service system as a service to a
client (Laplante et al., 2008).
2.5 Web Services
“A Web service is a software system designed to support interoperable machine-to-
machine interaction over a network” (W3C, 2010). Web services provide technolo-
gies for “programmable Web applications with standard interface descriptions that
provide universal accessibility through standard communication protocols” (Kohl-
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born, Korthaus, Chan and Rosemann, 2009). Web services technologies have been
used as the technological implementation of a service-based model of software to
provide software services.
Web services provide an approach for building and deploying distributed com-
putations by enhancing the analogous productivity of developers, administrators,
and end-users (Singh and Huhns, 2005) Their goals are to supply a range of func-
tionalities on behalf of its owner, a person or organization (W3C, 2010; Booth et al.,
2004). A web service can be employed by an agent which is a computational re-
source. It corresponds to the notion of a software agent. The agent carries out tasks
on behalf of individual or organization by exchanging messages among them over
the network. There are two main types of the agent’s entity: a provider entity and
a requester entity. Both entities exchange messages by using a requester agent and
provider agent of the requester entity and of the provider entity respectively.
• A provider entity supplies an agent to employ a specific service.
• A requester entity demands and uses a provider entity’s service.
From a technical point of view, Web services are a standardized approach to inte-
grating Web-based applications (W3C, 2010). Web services employ a number of
open standards, especially:
1. Extensible Markup Language (XML)
XML is a common language for structuring messages exchanged between
service requestors and service providers.
2. Simple Object Access Protocol (SOAP)
SOAP provides the common communication protocol used for transferring
the messages.
3. Web Services Description Language (WSDL)
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WSDL describes the available services retained in a service registry. It spe-
cifies the message formats, datatypes, transport protocols, and transport se-
rialization formats used between the service requester agent and the service
provider agent. Moreover it defines one or more network locations where a
provider agent can be invoked.
4. Universal Description, Discovery, and Integration (UDDI)
UDDI specifies a registry of services which found by the service requestors.
Therefore Web services can be used to develop and deploy web applications pro-
ducing software services for the service providers and consumers. Consequently,
the service providers can describe and publish the service descriptions so that the
service consumers can find and invoke their services.
2.6 Summary
This chapter examines the background of service-based software. It describes the
service concept in software, following with service-based software. Service-Oriented
Arechitecture (SOA) and Software as a Service (SaaS), as used this thesis, are in-
troduced and compared. An SOA can be used as a software-construction model for
constructing software as a service system, while SaaS is employed as a software-
delivery model for delivering the software service system as a service to a client.
Finally, Web services provide a form of service software technology for developing
and deploying the software service system.
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The IBHIS Broker
Chapter 2 examined the background of service-based software and described the
service concept in software and software service model including SaaS. This chap-
ter, then, describes the architecture and operation of the IBHIS broker, which is a
‘proof of concept’ of SaaS. It also decribes how the IBHIS broker was implemented
by using Web services.
3.1 Introduction
The Integration Broker for Heterogeneous Information Sources (IBHIS) project was
undertaken by the members of the Pennine Group (researchers from the University
of Durham, Keele University and UMIST), in partnership with Social Service colla-
borators in Solihull and Keele’s Centre for Health Planning and Management (Bud-
gen et al., 2005, 2007). This project was funded by EPSRC through its Distributed
Information Management programme. It aimed to employ a fully service-based ap-
proach to support the trustworthy integration of heterogeneous forms of information
possessed and manipulated by autonomous agencies.
The IBHIS broker demonstrated the overall set of SaaS concepts in a form that
was based on services that deliver data (Budgen et al., 2005). IBHIS explored a
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service-based approach to large-scale data integration, gathering information from
distributed, heterogeneous and autonomous data sources (Budgen et al., 2004). It
focused on the needs of healthcare information, particularly health and social care,
and demonstrated how data sources as well as their data could be integrated while
also being held and managed by disparate and autonomous healthcare agencies.
Within the structure of UK health and social care, this could provide an organisation
changing context which could then be used by various clients for diverse purposes.
3.2 The Broker Concept
In mercantilism, a broker is a party that arbitrates between buyers and sellers. The
concept of the broker refers to someone or something that is responsible for collec-
ting information and blending it into a composite form (Budgen et al., 2005). The
broker takes action on behalf of the personal interests of an end user. It merges the
requirements and preferences of the end-user based on their own cognition of the
‘solution domain’.
The broker generally gathers the information directly from sources and carries
out any neccessary tasks. However, it does not demand to take possession of the
information received from the sources. The delivery of information, via an informa-
tion broker, “offers the opportunity of integrating data from a range of autonomous
agencies, while at the same time preserving any restrictions on access to or use of
the information that either agencies or legal and ethical frameworks might impose”
(Budgen et al., 2007).
The IBHIS system has applied the concept of the broker to the use of electronic
healthcare records in several aspects, such as finding the appropriate sources and
representing the end user’s requirements. The IBHIS broker acts as a trusted inter-
mediary gathering, protecting and aggregating information from electronic sources
retained in different distributed agencies.
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3.3 The Architecture of IBHIS
Figure 3.1: A schematic of the IBHIS structure taken from (Budgen et al., 2005)
Figure 3.1 provides a schematic of the IBHIS structure. It is composed from basic
services used in two forms (Budgen et al., 2007, 2004; Rigby et al., 2007).
• Statically-bound services
The statically-bound services are the set of services that are known in ad-
vance. They are used within the broker to provide functional tasks such as
user interface, access control mechanisms, and query formulation.
• Dynamically-bound services
The dynamically-bound services are the set of information services that are
termed as Data as a Service (DaaS). DaaS is a service supplying information,
used where the group of related sources is usually regulated dynamically.
Therefore, the dynamically-bound services that are needed to perform a task,
are determined, located and bound at the time of execution. They use the
concept of a Data Access Service (DAS) to form an interface between the
‘physical’ structure of the data sources, and the broker itself.
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According to a query specified by an end user, the IBHIS broker can dynamically
locates and accesses distributed data sources, provides as data services, selecting
these according to the information that they can provide.
Figure 3.2: The architecture of IBHIS taken from(Rigby et al., 2007)
Figure 3.2 shows the architecture of the IBHIS prototype. I.t consists of a num-
ber of main static service components. These components work together to accom-
plish the tasks needed for the query of the end user. The service functions of the
component are described briefly as follows.
1. Graphic user interface (GUI)
The GUI provides the user interface for the user authentication, in conjunction
with the access control service, and also for the query formulation operation
that issues the query to the query service component. Finally, after collecting
the data, it presents the results to the end user.
2. Access control service (ACS)
The ACS is used for any user authentication needed to access the other system
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resources. Each resource has its own access rules and security implementa-
tions of the data access’s authorisation.
3. Query service (QS)
The QS consists of two main components performing the following tasks.
(a) Query decomposer generates a set of local queries that are decompo-
sed from the query. It uses information from the matchmaker and the
semantic registry during the query decomposition process.
(b) Query integrator collects the results from the data access services and
and integrates them into an appropriate form.
4. Ontology service (OS)
The OS is employed by the QS for the query decomposition and integration
process. Queries and responses from the DASs are expressed in terms of the
relevant ontology.
5. Audit service (AS)
The AS consists of two components used to retain information about every
action of IBHIS, so that the information may be recreated or audited later.
(a) User audit retains information related to the end user, for instance user
login and logout date; and the details of queries.
(b) System audit keeps two types of information that are related to data
sources and user setup. The examples are intervals of data availability
and user registration respectively.
6. Data access service (DAS)
The DAS forms an interface between the information broker and the data
sources that are heterogeneous, distributed and autonomous. Section 3.4 will
46
CHAPTER 3. THE IBHIS BROKER
provide more detail about the structure of a DAS.
3.4 The Data Access Service (DAS)
The Data Access Service (DAS) is a major part of the IBHIS architecture (Budgen
et al., 2007, 2005; Rigby et al., 2007) (Zhu et al., 2004). It promises as a service-
oriented interface for the information broker to transparently access different heal-
thcare data sources which are heterogeneous, distributed, and autonomous. Figure
3.3 shows the architecture of the DAS which consists of four main parts: semantic
data description, DAS engine, metadatabase, and data sources.
Figure 3.3: The architecture of DAS taken from (Budgen et al., 2005)
1. The DAS data description provides a semantic description of the elements
of the DAS. The semantic data description is described with an ontology-
based approach. Examples of the data description’s attributes are the business
content (vacabulary), content and data types. Therefore, a service consumer
can find and use a service sematically and correctly. The data description
provides information arranged into four main types as follows.
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• Details of the data, both input and output including its format, for ins-
tance the input data consisting of permission identity and assigned roles
of the consumers; and the output data consisting of query result. Both
of them are represented in XML format.
• The domain and functionality associated with the data items, such as
Person domain with GP functionality
• The authorization policies for data usage, for example a hospital patient
allowed for querying data
• Other non-functional specifications, such as quality of service and (if
appropriate) any fees that might be charged
The DASs then publish the semantic descriptions to the service registry. The
IBHIS broker can discover and consume the DASs’ services based upon the
DASs’ semantic description to meet a user’s needs.
2. The DAS engine is the key element of the DAS. The DAS engine provides data
access services for the broker. It analyses and processes queries for authori-
zing and accessing local data sources, consulting together with metadatabase
as necessary.
3. The Metadatabase provides for the management of evolution and changes
that take place within and outside of an organization. The changes involve
the format and structure of data, constraints, authorization or rules, data mo-
dels and sematics. In particular, it details how the data items of local data
sources are mapped by the service provider to the domain ontology. The
domain ontology is used as the global schema. The user uses the domain on-
tology to create a query by navigating an ontology. The ontology is basically
a conceptualization of the context where the user is performing. When there
are changes needed, the service provider need only alter those local records
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relating to the change in the metadatabase. The advantage of this approach is
that it can reduce the maintenance overhead for the DAS and the broker.
4. The Data sources provide local healthcare data for the broker. They are the lo-
cal data storage mechanisms that may be distributed and heterogeneous. They
may retain data in various forms, for instance relational and object-oriented
data models. The detailed storage forms should not be seen by the broker
because the DAS description file also has the role of enforcing information
hiding. The DAS engine accesses these data sources on a read-only basis.
3.5 Operation of IBHIS
Figure 3.4 shows the main operations in IBHIS. Based upon the details of the re-
quest from an end user, the following set of operations or processes are employed
to achieve the neccessary tasks for the end user.
1. The “Create Query” is performed by the end user, through the user interface,
for user authentication and query formulation.
2. The “Process Query” operation analyses an end user’s query and locates can-
didate DASs that may provide relevant data.
3. The “Attribute Authorisation” process retrieves access permissions from the
relevant DASs and matches them with the query.
4. The “Data Access Service” deals with the query submitted by the end user.
The query is translated into SQL and executed by the data access services
within the selected DASs. The query results are generated in XML format so
that they can be returned via the SOAP protocol.
5. A “Content Authorisation” operation is performed to select only the results
that the end user is permitted to see.
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6. The “Results Processor” arranges the results and presents them to the end
user.
Figure 3.4: The processing a query in IBHIS taken from (Rigby et al., 2007)
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3.6 Services in IBHIS
IBHIS demonstrates the service-integration layer of SaaS that includes the follo-
wing five main service functions (Budgen et al., 2007, 2004). However, IBHIS
is constrained to using any services that deliver data. Hence, the service model is
interpreted as follows:
• Service description includes service characteristics, for instance service inter-
face, functional and non-functional service characteristics as well as constraints.
So the end user can match the needs to the service description of available ser-
vices.
• Service discovery supports the end user by locating appropriate required ser-
vices from a list of candidate services and providers. Both service description
and discovery are employed in accessing data services.
• Service negotiation is mainly employed as the means of providing access-
control issues. It is used to verify the local rules, retained in the data services,
to ensure that the end user has authorization to access specific data sources.
• Service composition is the process of creating services from a group of lo-
wer level services. IBHIS uses service composition to gather and present the
information for an end user.
• Service delivery is carried out through both invocation and provision of data
services except suspension.
3.7 Implementation
A number of software development tools and environment were used to build the
prototype of IBHIS (Budgen et al., 2005; Zhu et al., 2006; Turner et al., 2004).
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1. The prototype was built by using IBM’s WebSphere Application Server v5.1
working on the Windows, Linux and Solaris operating system. The IBM
WebSphere provided development and deployment tools for implementing,
testing and deploying web services that were based on open, cross-platform
standards: SOAP (Simple Object Access Protocol), WSDL (Web Services
Description Language) and UDDI (Universal Description Discovery and In-
tegration).
2. The user interface of the IBHIS broker was implemented by using Java JSP
(JavaServer Pages), Java servlets and HTML (HyperText Markup Language)
pages.
3. IBHIS provides a user interface for the ontological query formulation whe-
reby an end user uses a healthcare ontology to navigate using familiar terms
and results in order to formulate a query. This user interface was developed
by using Jena v2, including the inbuilt query language RD-QL (RDF Data
Query Language). The RDF (Resource Description Framework) is a standard
model that is used for data interchange on the Web. RD-QL is used during
the formulation process to manipulate and search the ontology.
4. The DASs implemented and described services by employing service descrip-
tion language, for instance WSDL and DAML-S. The DASs published their
service descriptions in a semantic registry.
5. The DASs were deployed on different relational database management sys-
tems (RDBMS) including MySQL, IBM DB2, Oracle and Microsoft Access.
The RDBMSs were implemented on heterogenous platforms at distributed
sites
6. The semantic registry was based on UDDI, used to hold semantic descriptions
and handle semantic queries.
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7. The ontology service was implemented using the OWL (Web Ontology Lan-
guage) to manage an ontology of healthcare terms.
8. The messages were exchanged within the IBHIS system as SOAP document
style messages.
Figure 3.5 shows the user interface of IBHIS role/team activation. A user uses the
user interface to access to the IBHIS system by choosing a combination of roles
and teams. Then they are presented with the query formulation screens, as shown
in Figure 3.6.
The query formulated by the user, as shown in Figure 3.6, was added to the
XML document. The query was then sent as a SOAP document style message to
the IBHIS broker’s ‘Query Service’ in order to locate and invoke the relevant DASs’
data service for the user. Figure 3.7 illustrates an example of the result from using
IBHIS.
Figure 3.5: IBHIS role/team activation screen
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Figure 3.6: Ontological query formulation screen
Figure 3.7: The result from IBHIS’s query
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3.8 Summary
This chapter describes the architecture and operation of the IBHIS broker. It is a
‘proof of concept’ of SaaS providing a set of SaaS’s service functions in a form that
is based on services that deliver data. The architecture of IBHIS is composed from
basic services used in two forms: statically-bound and dynamically-bound services.
The statically-bound services are the set of services that are known in advance. They
are used within the information broker of the IBHIS to provide functional tasks such
as query formulation. The dynamically-bound services are the set of information
services termed as Data as a Service (DaaS). The DaaS is as a service-oriented
interface for the information broker to transparently access different data sources
which are heterogeneous, distributed and autonomous. The prototype of IBHIS
was built and run based on Web Service technologies. The prototype support Web
Services standards, for instance SOAP (Simple Object Access Protocol), WSDL
(Web Services Description Language), UDDI (Universal Description, Discovery
and Integration) and XML (Extensible Markup Language).
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Negotiation
Chapters 2 and 3 examine the background of Service-based software and the IBHIS
broker respectively. In addition, this chapter examines the background of negotia-
tion from various perspectives. It describes the principle of negotiation as well as
the types of negotiation studied and applied in different aspects. Then automated
forms of negotiation are discussed and we introduced some negotiation models that
are useful for this research.
4.1 Negotiation Fundamentals
Negotiation is a widely-used process, not only for the way that people interact or
deal with others, but also now people work and live according to the new era of
computer technology. This section will describe the fundamentals of negotiation
from various aspects of studies in negotiation. It introduces, for instance, the defi-
nition of negotiation, its characteristics, and negotiation suitiations. Then the types
of negotiation are described as well as the models used for automated negotiation.
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4.1.1 The Nature of Negotiation
Negotiation has been studied from various perspectives as illustrated in Figure 4.1.
Most negotiation models and systems in computer science and information systems
are based on the negotiation procedures and models taken from economic science
and management as well as those used in law and the social sciences (Bichler et al.,
2003). Nevertheless, computational models and systems have led to an increasing
number of negotiation techniques, models and procedures.
Figure 4.1: Negotiation research areas, their results and key influences taken from
(Bichler et al., 2003)
These research areas for negotiation are described as in the following (Bichler
et al., 2003).
1. Law and social sciences place emphsis upon “the prescriptive and descrip-
tive models, heuristics and qualitative studies of negotiation processes and
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negotiators’ behaviour”.
2. Economics and management science address “the construction of formal mo-
dels and procedures of negotiations, rational strategies and the prediction of
outcomes”.
3. Computer science and information systems focus on the “construction of
electronic negotation tables, decision and negotiation support systems (DSS,
NSS), artificial negotiating software agents (NSA) and software platforms for
bidding and auctioning”.
Various definitions of negotiation have been proposed from different aspects, such
as electronic commerce, social science and artificial intelligence.
• Social science: “The process by which group of agents communicate with one
another to try and come to a mutually acceptable agreement on some matter”
(Lewicki et al., 2006).
• Electronic commerce: “The process by which a group of agents communi-
cate with one another to try to reach agreement on some matter of common
interest” (Lomuscio et al., 2003).
• Software as a service (SaaS): “A process of interaction between the client
and one or more service providers, with the aim of agreeing the terms and
conditions for the supply of a service” (Budgen et al., 2004).
Therefore, when there is a conflict of interest between or among negotiation partici-
pants, negotiation is needed to resolve their conflict. The process of ‘give-and-take’
is the “heart of negotiation” to meet their agreement (Lewicki et al., 2006). The
need for negotiation may arise for both functional and non-functional issues (Dang
and Huhns, 2005).
Negotiation can be categorised as follows (Raiffa, 1982):
58
CHAPTER 4. NEGOTIATION
• Bilateral negotiation is one-to-one negotiation in which two parties negotiate
with each other.
• Auction negotiation is one-to-many negotiation where one party, an auctio-
neer, negotiates with a number of other parties, the bidders.
• Distributed and multilateral negotiation is many-to-many negotiation where
the parties involved negotiate for agreements.
In addition, negotiation can be considered based on the number of parties, the num-
ber of issues, and the negotiation situation disputed. Therefore, negotiation is classi-
fied with this consideration into three kinds: two parties/one issue, two parties/many
issues, and many parties/many issues (Raiffa, 1982).
Negotiation in different situations needs different negotiation protocols, so that
the participants can negotiate to meet their objectives (Bichler, 2000b). However,
the participants have their own reasons for negotiation as follows (Bichler et al.,
2003).
• Cannot achieve their objectives through unilateral actions
• Exchange information comprising offers, counter-offers and arguments
• Deal with interdependent tasks
• Search for a consensus which is a compromise decision”
4.1.2 Distributive and Integrative Negotiations
Traditionally, interdependent negotiation situations can be classified into two types:
zero-sum, or distributive situations; and non-zero-sum, or integrative or mutual
gains situations (Hung et al., 2004; Lewicki et al., 2006).
• A distributive situation (win-lose) arises where the parties are trying to get
the larger share of a limited resource.
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• An integrative situation (win-win) is required by the negotiators to search for
solutions that will benefit both parties.
Negotiation can also be classified as being cooperative or non-cooperative in form.
Beam and Segev state that “Cooperative negotiation assumes, for the most part, that
all parties are working towards fundamentally the same goal.” (Beam and Segev,
1996). Nwana also observes that collaborative agents place stress on autonomy and
collaboration with other agents to operate tasks for their owners (Nwana, 1996).
Negotiation may be needed to accomplish mutually acceptable agreements on some
issues.
4.2 Types of Negotiation
Negotiation has particularly been studied in three main areas: auction, game theory
and bargaining. Auctions have been used widely especially in electronic commerce
for the last recent years. Game theory is a branch of applied mathematics that is
used in various aspects, particularly economics and social science. Bargaining is
widely used in trading between buyers and sellers to negotiate the price for goods
and services that they have to pay and sell. This section will examine and describe
these three main types of negotiation.
4.2.1 Auction
“Auctions are market mechanisms with an explicit set of rules determining resource
allocation and prices based on bids from the market participants” (cited in Gimpel
et al., 2008). As shown in Figure 4.2, auctions involve in trading by many sellers
and buyers in the market framework. There are three general types of activities
associated with an auction: “receiving bids, clearing and revealing intermediate
information” (Ströbel and Weinhardt, 2003).
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Figure 4.2: Market framework taken from (Teich et al., 1999)
Auctions can be classified into two main groups: open and sealed-bid auctions
(Bichler, 2000a; Li, 2001; Teich et al., 2004).
1. Open auction
Open-cry English and Dutch auctions are two popular open auctions. Auctio-
neers of both groups reveal price quotes in which prices go up and down and
the winners are the highest and lowest price bidders respectively.
2. Sealed-bid auction
The sealed-bid auction or a Vickrey auction propose the price without revea-
ling it to other people. The winner is the highest bidder, but the price is paid at
the second-highest bid. These are the single-sided auctions. Only the bidders
bid their price quotes. But double-sided auctions allow a number of buyers
and sellers simultaneously submit bids at each auction round.
The multi-attribute auction is a particular type of auction that is mostly deployed in
a specific negotiation situation, the so-called monopsony situation, such as corpo-
rate procurement (Bichler et al., 1999; Bichler, 2000a). It supports a multi-lateral
automated negotiation situation in which negotiation is based on multiple attributes
of a deal. For the multi-attribute reverse auction, a buyer acts as an auctioneer rather
than a bidder, which is a role played by multiple suppliers (David et al., 2006). The
buyer solicits multi-attribute bids of products and services from a group of potential
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suppliers. The winning supplier is the one who offers the bid giving the highest
utility of all attributes for the buyer and best fulfils the buyer’s preferences. The bid
is generally organized as a set of attribute-value pairs (Bichler and Kalagnanam,
2005). The attributes are based on quantitative and qualitative features such as price
and quality of service. According to an experimental study comparing the ove-
rall utility achieved, the multi-attribute auction mechanisms are significantly better
than single attribute auction mechanisms (Bichler, 2000a). Hence a bid-taker in the
multi-attribute auction profits more than the one in the single attribute auctions.
The general approach to eliciting and assessing the buyer’s preferences is ba-
sed on multi-objective decision analysis which quantitatively analyzes imperative
decisions relating to multiple and interdependent objectives (Bichler et al., 1999;
Bichler and Kalagnanam, 2005). The common decision analysis techniques are
MAUT (Multi-Attribute Utility Theory), AHP (Analytic Hierarchy Process) and
conjoint analysis which are used to determine the utility function of the buyer.
MAUT focuses on the assessment of the individual utility functions and weights.
It uses utility functions to evaluate quantitative decision problems analysing prefe-
rences with multiple attributes (Guttman & Maes, 1998). Therefore the buyer can
compare the multi-attribute bids or the set of feasible alternatives, determine diffe-
rences among them and, then, select the bid that is given the highest overall utility
rating (Bichler et al., 1999).
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Characteristic Traditional auctions Traditional negotiations On-line auctions
Number of
participants
Multi-bilateral, single or
double-sided
Bilateral, multilateral or
multi-bilateral; arbitrary
number of sides
Multi-bilateral, single or
double sided
Participants Open or restricted Restricted Open, restricted or
rule-defined
Consensus
required
Bi-taker and selected
bidder
Selected or for all participants Selected participants
Number of objects Single, homogenous Single or multiple, homo- or
heterogeneous
Single or multiple homo- or
heterogeneous
Number of issues Single Single or multiple Single or multiple
Issues structure Well-defined Well-defined, partially, or
ill-defined
Well-defined
Offer space Fixed May be unknown and modified Fixed
Exchange and
knowledge of
offers and
concession-
making
Yes Yes Yes
Logrolling
(conditional
concessions)
No Yes Yes
Knowledge of
offers and
concessions)
Public or private Private (rarely public) Public or private
Exchange of
opinions,
arguments, threats
No Yes No
Interdependence Between bid-taker and
bidders (single sided) or
between but not within
sides (double-sided
Full interdependence except
multi-bilateral negotiations
Between bid-taker and bidders
(single-sided) or between but
not within sides (double-sided)
Protocol A priori defined, explicit
and fixed
Well-defined or partially
defined; explicit or implicit
Apriori defined, explicit and
fixed
Competition
versus
Cooperation
Competition among
bidders on at least one of
the possibly two sides:
cooperation prohibited
Competition or cooperation
among the agent
Competition among bidders on
at least one of possibly the two
sides; cooperation prohibited
Process control Defined a priori Ill-defined, modifiable by
participants
Defined a priori
Table 4.1: Characteristics of negotiations and auctions taken from (Bichler et al.,
2003)
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Traditionally auctions have some different characteristics from negotiations, as
shown in Figure 4.1 (Gimpel et al., 2008). Negotiations are perceived as a coopera-
tive process that resolves multiple issues, whereas auctions involve competitive pro-
cesses solving problems with a single issue. In addition, negotiations and auctions
involve bilateral and multi-lateral interaction of paticipants respectively. However,
on-line auctions and traditional negotiations are similar because of many main cha-
racteristics, especially multi-bilateral negotiation, competitive bidding process and
the number of issues (Bichler et al., 2003). Table 4.1 provides more details about
the characteristics of negotiations and auctions.
4.2.2 Game Theory
For decades, models of negotiation process have been developed by using the ideas
of game theory (Fatima et al., 2005). The objective of game theory is to examine
the players’ best options in attempting to maximize results (Faratin, 2000). There
are seven elements of a game: players, actions, information, strategies, payoffs,
outcomes and equilibrium. A player chooses a strategy to respond according to the
rules of a game. The chosen strategy results in a payoff. Game theory is focused on
the benefit of the individual instead of the group. It can be used to design a negotia-
tion mechanism and particularly the definition of protocols that restrict the number
of strategies used by parties (Sierra et al., 1997). Negotiations such as bargaining
decisions and auctions use game theory to analyse their strategic decisions for the
prediction of specific outcomes for a certain circumstances (Bichler et al., 2003).
Coordination in game theory can be examined from two aspects: cooperative
and non-cooperative (Faratin, 2000).
1. Cooperative games suppose that binding agreements are made in order to
coordinate their strategies. Pre-play negotiations may possibly be taken so
that a combined course of actions is arranged for the resulting game.
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2. Non-cooperative games has mistrust among players of a game. They play the
game to maximize their own benefit. Non-cooperative game models are also
acknowledged as strategic bargaining theories, where the bargaining situa-
tion is modelled as a game. A solution in game theory typically aims at that
players’ equilibrium strategies. One player’s strategy is the most opposite
response to the other player’s strategy and vice versa.
Games can be classified into four classes (Gibbons, 1992):
• Static games of complete information
• Dynamic games of complete information
• Static games of incomplete information
• Dynamic games of incomplete information .
In a game of incomplete information, a player does not know another player’s
payoff. The example of this situation is an auction where a bidder does not know
how much another bidder will offer for the good being sold. These four classes
of games are corresponded to four notions of equilibrium in games: Nash equili-
brium, subgame-perfect Nash equilibrium, Bayesian Nash equilibrium, and perfect
Bayesian equilibrium.
4.2.3 Bargaining
Bargaining is a process whereby the parties on their own make offers and counter
offers to each other in order to come to an agreement (Muthoo, 1999). Unlike auc-
tions, the parties in a bargaining situation have to cooperate to resolve conflict of
interests in order to reach a common interest. “A bargaining situation is a game
situation in a sense that the outcome of bargaining depends on both players’ bargai-
ning strategies” (Muthoo, 1999). Auction and bargaining are considerably different.
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Only one side of parties can offer a bid in an auction. In bargaining, many issues
can be negotiated (Li, 2001).
Gerding et al. have presented an approach for one-to-many bargaining within
the context of agent-mediated electronic commerce (Gerding et al., 2006). A sel-
ler and many buyers individually negotiate over multiple interdependent attributes.
According to their one-to-many bilateral bargaining protocol, the seller agent nego-
tiates with server buyer agents concurrently. They alter offers and counter offers to
each other. Figure 4.3 shows the sequence diagram of the alternating offer bargai-
ning protocol. However, in such one-to-many bargaining setting, customers may be
unsatisfied if they perceive that the outcomes of the negotiation are not fair. Thus
bargaining strategies for the seller agent are developed to maximize overall reve-
nue by utilizing differences in customers’ preferences without violating the fairness
constraint. Buyers can be treated similarly. Nevertheless, this research addresses
strategies that can employ differences in buyers’ time-pressure. The strategies de-
veloped determine three aspects.
1. The first aspect is threshold strategies which are used, evaluated and compa-
red by a seller agent. There are five different threshold strategy types: fixed
threshold, time-dependent threshold, responsive, responsive with fixed reser-
vation value, and responsive with time-dependent reservation value.
2. The second aspect is multi-attribute offers with a utility level which corres-
ponds to the threshold.
3. The third aspect is a scheme for determining when to respond.
4.3 Automated Negotiation
Research in automated negotiation has been studied from various perspectives (Bi-
chler et al., 2003) for instance, service-oriented architecture (SOA) (Elfatatry and
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Figure 4.3: The agents’ bargaining protocol taken from (Gerding et al., 2006)
Layzell, 2004), E-business (Kim and Segev, 2003; Li, 2001; Lomuscio et al., 2003;
Strecker, 2004), and artificial intelligence (Dang and Huhns, 2005; Fatima et al.,
2004a; Jennings, 2000; Carles et al., 1998). Electronic negotiation provides ad-
vantages for individuals and organizations from several perspectives. It “promises
higher levels of process efficiency and effectiveness, and most importantly, a higher
quality and faster emergence of agreements” (Bichler et al., 2003).
Conventionally a model of automated negotiation is based on three fundamental
elements: the negotiation object, negotiation protocol and decision making model
(Jennings et al., 2001).
1. The negotiation object contains the information of the issues and the aims
about negotiation. Negotiation participants exchange a number of negotiation
objects during the negotiation process. The negotiation objects contain infor-
mation that may be used for the negotiation participants’ decision-making,
based on their conditions and in response to the opponent’s offers.
2. The negotiation protocol defines a group of rules regulating the interaction
among the negotiation participants involved in a negotiation (Kim and Se-
gev, 2003). For a given negotiation situation, the negotiation protocol must
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address a number of negotiation attributes such as the type and number of
participants, and item characteristics (Bichler et al., 1999). Therefore ne-
gotiation situations which have different solutions need different negotiation
approaches to solve the possible conflicts of interest among negotiation parti-
cipants.
3. The decision making model is used by negotiation participants along with the
negotiation protocol to accomplish negotiation goals (Jennings et al., 2001).
Each negotiation participant has his/her own decision model which is based
on a local cost-benefit model or other strategies (Hung et al., 2004).
Different activities making use of negotiation, such as SOA and electronic com-
merce, have different characteristics, such as the number of participants, protocols,
rules and negotiation environments. Hence, the conventional negotiation model
needs to be designed or adapted appropriately to deal with different negotiation cir-
cumstances, for instance, service-oriented architecture, E-business, web services,
and artificial intelligent. This section examines and describes some automatic ne-
gotiation models from these aspects. It focuses on the features and characteristics
of the negotiation models that will be useful for designing and developing a nego-
tiation model for this research project.
4.3.1 Service-Oriented Architecture
Elfatatry and Layzell proposed a framework of negotiating in a service-oriented
environment as shown in figure 4.4 (Elfatatry and Layzell, 2004). It is for service-
oriented software delivering software as a service that needs automated negotiation
to tailor needs dynamically. It is defined by a three-phase negotiation process: pre-
negotiation, negotiation and service delivery.
1. The prenegotiation phase produces the initial information for the negotiation
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Figure 4.4: The three phases of negotiating in a service-oriented environment taken
from (Elfatatry and Layzell, 2004)
phase. It involves with three issues: service selection, provider selection and
predicting service usage, as the following steps.
(a) Services are selected by negotiating with service providers offering ser-
vices with different non-functional issues.
(b) The service providers are selected from a group of service providers.
The consumer may retain a list of preferred providers so that the list
can be updated with the feedback from the negotiation and the delivery
phases.
(c) The service is invoked based on the prediction of service usage. The
temporary contracts between the service consumer and provider may
be created in advance to provide the predicted method of the service
usage if and when the concerned service is invoked. This approach can
improve the performance of the system because it reduces the commu-
nication between the consumer and provider.
2. The negotiation phase involves negotiation participants exchanging their mes-
sages to accomplish an mutual agreement by working on three main stages as
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follows.
(a) The functional composition stage involves matching functionality from
a set of software services. This stage provides the negotiation for the
appropriate functional combination needed in order to meet the desired
requirements.
(b) Management of dependencies and uncertainty is needed to compose a
complex service through negotiation. Negotiation convergence can be
achieved with two negotiation mechanisms: negotiation protocols and
negotiation strategies, especially in an environment where time is cru-
cial, and negotiation must be taken in a short period of time. Negotiation
protocols adjust the behavior of participating parties to minimize time-
wasting activities.
(c) To accomplish better convergence, the negotiation strategies approach
can employ two techniques: the heuristic approach using different lear-
ning techniques and the argumentation approach using techniques that
can result the state of mind of the other participant so that a party accepts
the proposed offer.
3. Service delivery involves implementing the contract agreed by parties. The
fulfillment of commitments is investigated and trust values are updated. The
results will be kept in the agent’s knowledge repository as feedback informa-
tion to be considered for the next time, if the agent again wants to engage in
negotiation with the same partner.
4.3.2 Electronic Commerce
Kim and Segev proposed a negotiation framework for dynamic E-Business negotia-
tion processes (Kim and Segev, 2003). It is a framework for multi-party negotiation
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which supports a wide range of negotiations in a dynamic e-Business environment.
Their motivation was that personalized products and services had been increasingly
vital in the dynamic customer-oriented business open market. Consequently, auto-
mated negotiation processes are the centre of dynamic interoperable e-Business in
the open environment. The framework proposed provides the basis for construc-
ting dynamic negotiation processes by allowing the required functionality in five
connected components. Figure 4.5 shows the components of this framework and
relationships between them: negotiation requirements, negotiation structure, nego-
tiation process, negotiation protocol, and negotiation strategy.
Figure 4.5: The components in the negotiation framework and relationships bet-
ween them taken from (Kim and Segev, 2003)
1. The negotiation requirements define the issues to be negotiated and the goals
to be achieved.
2. The negotiation structure identifies the skeleton of the negotiation describing
the structure of a negotiation at different abstract level: role-level structure
and partner-level structure. It defines the participants and their relationship
involved in the negotiation.
3. The negotiation process component provides the classification of wide ran-
ging negotiation processes used as the basis of design and implementation of
negotiation system modules.
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4. The negotiation protocol component is the core of negotiation automation
providing the rules governed the actions in a negotiation.
5. The negotiation strategy encompasses all aspects of decision making in the
negotiation, related to all the other negotiation components, especially the ne-
gotiation protocol. Strategic decision making is used to choose an appropriate
protocol from a set of protocols. Then the negotiation participant follows the
chosen protocol to negotiate with negotiation opponents in order to gain the
best deal from them.
In addition, Li (2001) proposed a negotiation model for automated e-business ne-
gotiation. It is used to support the inherent complexity of business negotiations.
It captures the main concepts and elements related in automated negotiations by
defining a seven-tuple <C, AN, M, PT, RCSM, CBESM, DM>.
• C stands for clients representing negotiation participants from different busi-
ness enterprises.
• AN stands for automated negotiators carrying out negotiation on behalf of its
clients.
• M means a group of messages holding meaningful negotiation information
that express the purposes of a negotiation sender as well as describing data
and constraints. The messages are exchanged among negotiation participants.
When a sender sends the message to a receiver, the receiver then analyses the
message in order to respond appropriately to the sender.
• PT represents negotiation protocol identifying a finite state which consists of a
number of states and transitions (alternative actions) of a negotiation process.
Automated negotiators must follow negotiation protocol during negotiation
process to reach an agreement.
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• RCSM is used for a requirement and constraint specification model represen-
ting the needs or interests of automated negotiators (AN).
• CBESM denotes a Cost Benefit Evaluation and Selection Model. It is used
by automated negotiators during negotiation process to evaluate and select the
best option in terms of their cost and benefits.
• DM denotes a decision model. It is an important tuple needed to capture a
business enterprise’s negotiation concepts: goals, policies, strategies, plans
of decisions and actions and their inter-relationships.
Figure 4.6 shows the inter-relationship of key concepts in the decision model.
Figure 4.6: Key concepts in the Decision Model taken from (Li, 2001)
The decision model is specified as a six-tuple <W, CX, G, L P, S>.
• W represents an enterprise’s mini-world. They are resources, such as infor-
mation, materials, and personnel, accessed by the enterprise.
• CX denotes a set of negotiation context which is defined by the enterprise.
• G represents a group of negotiation goals of the enterprise.
• L represents a set of plans of decision and actions. This set is employed by
an automated negotiator.
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• P is negotiation policy mapping a negotiation context to a negotiation goal.
• S denotes for negotiation strategy. It maps negotiation goals to the plans of
decisions or actions.
During a negotiation process, a well-defined protocol, is followed by automated
negotiators to exchange negotiation primitives and data. A negotiation protocol
can be defined by a finite state diagram that is a type of diagram used to describe
the behavior of systems. The diagram is composed from a number of states and
transitions. At each state, a decision or an action needed by an automated ne-
gotiator is made or taken based on some conditions before the subsequent state
transits. A decision-action rule can be formed from the specification of that condi-
tional decision or action. The example of the transition in different states of the
bi-lateral negotiation protocol are the initiation of a negotiation transaction, the ac-
ceptance/rejection/modification/withdrawal of a transaction, the termination of a
negotiation transaction, and the generation of a counterproposal.
4.3.3 Web Services
Hung et al. introduce WS-Negotiation for Web services as “a bilateral and multi-
issue bargaining Web services language” (Hung et al., 2004). It is an independent
declarative XML language used by Web services providers and requestors to nego-
tiate and find an acceptable agreement on both sides.
Figure 4.7 illustrates the structure of WS-Negotiation mapping with negotia-
tion entities. It consists of three main elements: negotiation message, negotiation
protocol and negotiation decision making .
• Negotiation message is the description of the negotiation message involving a
set of issues that holds a set of alternatives. It is exchanged among negotiation
participants during negotiation process. There are many kinds of negotiation
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Figure 4.7: The structure of WS-Negotiation taken from (Hung et al., 2004)
messages, for instance, offer, counter-offer, accepted, rejected, expired, si-
gned and unsigned.
• Negotiation protocol identifies the mechanism and rules followed by the ne-
gotiating participants or parties. The participant employs several tasks and
activities to communicate and cooperate among them, such as Call For Pro-
posal (CFP), propose, accept, terminate, reject and acknowledge.
• Negotiation decision making is an private decision process. The negotiation
participant has its own strategy for generating a set of preferences for the
decision-making process, to deal with an offer or counter-offer, and to achieve
an agreement in the negotiation protocol. The group of preferences are related
to the alternatives of each issues of the negotiation message.
Figure 4.8 shows the relationships between the negotiation entities that are mapped
to the negotiation elements of WS-Negotiation.
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Figure 4.8: Relationship of negotiation entities taken from (Hung et al., 2004)
4.3.4 Artificial Intelligence
Dang and Huhns propose a negotiation model for coalition deal negotiation for ser-
vices, aiming to “optimize the agents’ utilities with minimized computational cost”
(Dang and Huhns, 2005). The negotiation among agents (both service requestors
and providers) is based on functionality and quality of service (QoS) issues. They
employ an optimal strategy for multiple-issue negotiation to achieve a service agree-
ment. The negotiation model is composed of four key elements:
• Negotiation set defines a set of possible proposal value of negotiation issues
that are based on functionality and QoS.
• A protocol specifies “the legal proposals that an agent can make”.
• A strategy is used by the agent to make the proposals. The decision-making
involves the agent’s preferences.
• A rule is governed by a mediator to identify when to propose a deal and what
the agreement is.
Fatima et al. (2004a)introduce an agenda-based framework for multi-issue nego-
tiation under time constraints in an incomplete information setting . The purpose
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of this model is to be closer to an almost real-practice bargaining situation. The
negotiation model consists of four components:
• The negotiation protocol identifies the rules of encounter within the circum-
stances in which the agents interact with each other.
• The negotiation strategy is a specific plan of the sequence of actions to be
followed by the agents during negotiation.
• The information state of agents contains details about the private information
that each agent has, and that is not known to its opponents, according to the
negotiation game.
• The negotiation equilibrium is an equilibrium strategy used by the agent to
choose a best response to its opponent’s strategy during negotiation game. It
is different from a negotiation mechanism that is composed from the negotia-
tion protocol and negotiation strategies. The negotiation mechanism is static
because it deals with the certain situation.
4.4 Summary
This chapter examines the background of negotiation from several points of view.
Negotiation is a process of interaction between or among negotiation participants to
resolve their conflict. There are three common types of negotiation: auction, game
theory and bargaining. An auction is a process of trading goods or services by many
sellers and buyers in the market framework that the goods or services are sold to the
highest bidder. Game theory focuses on the ways in which strategic interactions
among parties produce outcomes with respect to those parties’ preferences. Bargai-
ning is a process whereby the parties have to cooperate to resolve conflict of interest
in order to reach a mutual interest.
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Automated negotiation provides more efficiency and effectiveness in the nego-
tiation process than human negotiation process. The automated negotiation is based
on three fundamental elements: negotiation object, negotiation protocol and deci-
sion model. In addition, the traditional negotiation model could be designed and
developed appropriately to fit with the different context or situation.
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The Integrated Care Plan
This chapter explores how both the concepts and role of the broker as well as of
service negotiation have been extended from those used in IBHIS.
5.1 Introduction
Within the healthcare sector, an integrated care plan is a tool used to manage a
patient’s case, in the situation where a potentially complex set of health and social
care resources are needed over a period of time. It provides details about the roles
and responsibilities of care from those professionals who provide hospital and social
care treatments. The integrated care plan aims to organise and schedule a set of
health and social care services that meet the patient’s needs.
The clinician who produces the plan acts on behalf of the patient by collabora-
ting with various health and social authorities and trusts in order to formulate and
manage the integrated care plan for the patient. The clinician acts in a ‘classical’
broker role, providing a ‘broker service’ based up their expertise, that collects infor-
mation about the provision of services from service providers and negotiates with
them based on the interest of the patient. The integrated care plan is produced once
there is agreement between the clinician and providers.
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The role of the clinician leads to the research question “How can we support
the development and management of an an integrated care plan by using a service
broker architecture?” For the case of the IBHIS system, the information broker is
only used for the specific purpose of gathering information for the client. However,
IBHIS uses a service-oriented architecture which has the potential to be extended
to provide more complex forms of ‘broker service’ to the client or to other brokers.
Thus, the extension of the IBHIS architecture has involved creating a new and
additional service broker for care planning, called a care planning broker, where
this structure can offer several advantages as follows.
1. Unlike the role of the broker in IBHIS, the care planning broker is not limited
to perform only the one specific role of information gathering. It performs an
extended role by interacting with the care planning services on behalf of the
client.
2. The care planning broker not only gathers and blends information from the
service providers, as performed by the information broker, but also negotiates
with the service providers to create the care plan. Both sides can negotiate
without knowing details of such things as their location and the format of
messages. These details are handled by the information broker, acting as an
information mediator, when exchanging information between the care plan-
ning broker and the providers.
3. The role of the information broker is extended to provide information not only
to the client directly but also to the care planning broker, and hence forms an
element in a service supply chain. The information broker acts as a primitive
service providing information to the care planning broker, which in turn forms
the highest layer of the service supply chain.
4. From the perspective of the DAS, the care planning broker also extends the
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role of data access, which in IBHIS is based on a passive role (read-only), by
which access control to data resources is based upon information content and
the user’s role. The user must be authorised for particular roles and teams,
such as the role of a physiotherapist in a multi-professional assessment team,
in order to access data services. However, to support the negotiation mecha-
nism between the care planning broker and the DASs, the role of data access
now has to become active (read-write). Before accessing data resources, ne-
gotiation based on content will take place. If there is an agreement between
participants, the content in the data resources will then need to be updated.
5.2 The Nature of the Integrated Care Plan
An integrated care plan, as used within the health care sector, is generally created as
a standard clinical procedure. It provides details about the roles and responsibilities
of individual health professionals in preparation for an operation, in the immediate
post-operative care period, and during rehabilitation and convalescence for the pa-
tient. The clinician is the person who has responsibility for managing the integrated
care plan by collaborating and negotiating with the service providers, based on the
needs of the patient and the constraints of the providers. Re-negotiation of the inte-
grated care plan is also likely to occur as evolving patient requirements may lead to
a significant deviation from the original care plan.
This section describes the nature of the integrated care plan. It starts with a
review of healthcare in the UK, providing brief information about various kinds of
health and social care. Then, it describes the relationship between the case mana-
ment and care planning. Finally, it examines how creation of the integrated care
plan is related to the idea of a ‘classical’ broker.
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5.2.1 Healthcare in the UK
The Department of Health (DoH) is a department of the United Kingdom govern-
ment. It aims to “improve the health and wellbeing of people in England” by “pro-
viding health and social care policy, guidance and publications for National Health
Service (NHS) and social care professionals” (DoH-COI, 2007; DoH, 2010). These
various professionals from a wide range of organisations deliver healthcare and so-
cial care services to the public as described in the following.
Healthcare
Healthcare provides a broad scope of healthcare services and facilities to people
through many kinds of healthcare services, for instance primary care, secondary
care, integrated care, emergency care, and healthcare for long term conditions.
1. Primary care is the key part of healthcare services. It involves a wide range
of services performed by various healthcare professionals, such as general
practitioners (GPs), pharmacists, dentists and midwives, who are located in
local communities near to the patients. For most needs, the patients have to
contact them first and the patients may then be referred to the other health and
social services.
2. Secondary care provides elective and emergency care through medical spe-
cialists in a hospital or other secondary care setting. A primary care profes-
sional, such as a GP, normally refers a patient to secondary care, such as day
surgery, when the primary care professional diagnoses the patient as needing
special treatment from specialist medical care, or surgery in a hospital.
3. Integrated care is the cooperation between health and social care providers
providing the right treatment and care to the patient.
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4. Emergency care provides treatment for people, when they need it as a matter
of urgency, often after some of accident.
5. Healthcare for long term conditions addresses the needs of people who are
limited in their daily living from chronic illnesses, for instance heart disease,
and chronic obstructive pulmonary disease. This healthcare support enables
older people to live independently for as long as possible and involves di-
versity of health and social care services which help meet both the medical
and non-medical needs of people. An example of such healthcare services is
continuing care. Continuing care is professional care given to meet the physi-
cal or mental health needs of adults with a disability, injury or illness on over
an extended period of time.
Social care
Social care provides various types of social care delivered to both children and
adults. There are a number of groups of children and adults, such as the elderly and
disabled people, including people who have autism and mental problems. These
services are provided through a range of social care settings, for instance the indivi-
dual’s home, residential or nursing homes and day centres. The provisions of social
care are for all people equally. Moreover they are relied upon as a means of helping
people to maintain their independence, control and dignity.
Health and social care services are provided to people through a wide range of
organisations, especially the NHS and the social community. The NHS aims to pro-
vide a broad scope of health care services through several kinds of NHS Authorities
and Trusts located in the local area. The Primary Care Trust (PCT) is a key part of
the NHS. It provides a wide range of forms of primary care, such as NHS walk-in
centres and the NHS Direct telephone service. These services are managed and run
by various professionals, such as doctors, dentists, opticians and chemists. Social
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care is usually provided through local government agencies.
Figure 5.1: The structure of NHS taken from (NHS, 2010)
Figure 5.1 illustrates the diagram of the NHS structure that is composed from
two main types of healthcare: primary and secondary care (NHS, 2010; DoH, 2010).
• Primary care
Most patients first contact the PCT and the primary care is delivered by va-
rious independent contractors, involving GPs, dentists, pharmacists and opto-
metrists.
• Secondary care
Secondary care addresses acute healthcare. There are two types of such care:
elective care and emergency care.
– Elective care implies medical care or surgery that is planned and treated
by specialists.
– Emergency care is the form of healthcare service provided to people
who need medical advice, diagnosis and/or treatment responsively and
urgently. Accordingly, a range of different types of service exist, from
ambulance services and A&E departments to advice from NHS Direct
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or GPs. A patient is usually referred to a specialist or professional group
for elective care.
5.2.2 Case Management and Care Planning
“Case management is a service led by a community matron or case manager that
provides proactive, coordinated care to people who have a complex mix of health
and social care needs. It provides an intense level of care, preventing people from
unnecessary admission to hospital and providing care in the person’s home or com-
munity setting” (DoH, 2010). The intense level of care consists of professional
long-term care provided to support the health, psychological, social and rehabilita-
tive needs of a patient. Case management aims to provide co-ordinating services or
care packages according to the needs of an individual person as assessed by a range
of health care professionals (Neies and Berman, 2004).
The case manager has responsibility for integrating the various health and so-
cial care professionals and systems working together to provide coordinated care
to people. The professionals from different aspects of health and social care work
together as multidisciplinary teams, suitably mixing their skills to meet people’s
needs for coordinated and seamless care. The challenge for service provision is to
balance needs and resources under deficiency and option.
There are different types of approaches or models to case management, for ins-
tance the intensive case management model and the independent brokerage model.
The first model is for a patient with severe and complex needs, whereas the bro-
kerage model is like service brokrage. An independent agency employs the case
manager to tailor services by working with the patient and a carer to define their
needs, supply information and assist them to access appropriate services.
Case management consists of five main stages described as follows (DoH, 2010;
Neies & Berman, 2004; Rose, 1992):
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1. Case-finding and screening
A professional assessment team initially identifies the comprehensive needs
of a patient and assesses whether the patient is eligible for the provision of a
service. If eligible, the patient is referred to the integrated health care team for
needs assessment. The health care professionals are the people in the health
and social care authorities and trusts who deliver the health and social care
services to the patient in a systematic way.
2. Needs assessment
The integrated health care team makes an integrated assessment of the pa-
tient’s comprehensive needs and problems as well as the present and poten-
tial strengths and weaknesses of the patient. The patient’s needs may take
into account such circumstances as, for instance, health, personality, social
context, economy, education, mental health, ethnic and cultural background.
The information from the needs assessment is routed to the clinician to assist
with planning an integrated care plan.
3. Planning and delivery of care
The clinician develops an integrated care plan that meets the patient’s needs
and problems as determined from the process of needs assessment. Then the
resulting package of the health and social care services is implemented and
delivered to the patient by several health and social care professionals depen-
ding on the context of their work. Practices and specialist nurses deliver the
health care services in GP practices and hospitals respectively, while social
care support is provided people in their homes by such roles as community
matrons and social care workers.
4. Monitoring and review
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The clinician or case manager will periodically contact the patient and the
integrated care team to make sure that the services planned are being provided
and to assess their effect. The healthcare professional team regularly visits
the patient and reassesses the adequacy and appropriateness of the health and
social care services provided. The clinician receives the feedback on progress
from the healthcare professional team. If the feedback indicates a need to
change the integrated care plan, the integrated care team and the clinician
work together to rearrange this.
5. Closure
The patient’s case may be closed because of many reasons as in the following
examples.
• The objectives of the integrated care plan for the patient are achieved.
• The integrated care team withdraws.
• The patient quits the care services because of his/her own reasons.
• The regular service sector and the family carers take over care of the
patient.
5.2.3 The Integrated Care Plan and a Care Planning Broker
The integrated care plan is a care plan for an individual patient with complex health
and social care needs (Rigby, 2005; Neies and Berman, 2004). It is a standard
clinical procedure, that provides details about the roles and responsibilities of health
professionals in preparation for hospital and social care treatments. One example
is that of a surgical operation, where the plan describes how the immediate and
post-operative care as well as rehabilitation and convalescence are to be delivered.
A clinician or a case manager represents the role of the patient, collaborating
with a number of the health and social authorities and trusts to produce and manage
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the integrated care plan. The clinician finds and chooses the appropriate health care
service providers and manages the case to provide the suitable services or treatments
for the patient.
However, providing appropriate quality of care to satisfy the patient’s needs may
need negotiation between the case manager and the service providers to create the
package of services for the integrated care plan. This negotiation deals with the
package procedures concerning patient needs and any preferences which deviate
from the package. Service negotiation is the process of interacting between the
case manager on behalf of the patient and the providers with the aim of agreeing
the terms of any condition relating to supplying the service. In addition, the aims
of negotiation in integrated care planning is not only to satisfy patients but also to
satisfy other conditions such as reducing risk, and achieving an acceptable price for
the services.
The role of the clinician is that of a ‘classical’ broker with regard to the mana-
gement of the integrated care plan. The following list reflects three main characte-
ristics of the concept of the broker.
• The clinician performs tasks on behalf of the patient as the end-user of the
service. The clinician is as a trusted person who is given authorisation by the
patient to deal with the service providers, based on the interest of the patient
and their own expertise.
• The clinician contacts the service providers and collects information about
their service provision from them. Then the clinician blends it and puts all
neccessary information into the integrated care plan for the patient.
• The clinician negotiates with a number of the service providers based on the
needs, preferences and conditions of the patient. If there is agreement bet-
ween them, then the integrated care plan will be created or modified for the
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patient.
Therefore, the case management or care planning of the integrated care plan is an
example of a service that can be provided by a broker. This can compare with
the other classical example of this role, a stockbroker who is a professional broker
acting on behalf of investors buying and selling shares as well as other securities
through market makers. In this case, the client asks the stockbroker to make a
transaction for trading in the stock market for him/her.
5.3 The Care Planning System
The conceptual framework of the care planning system is based on the concept of
developing the integrated care plan via a ‘service broker’ that provides a service to
create and manage the integrated care plan for the patient. This section starts with
the definition and structure of the integrated care plan for the purpose of this inves-
tigation. Then, the conceptual framework of the care planning system is outlined
in terms of its components. After that, we describe how the system performs to
produce and manage the integrated care plan.
5.3.1 The Integrated Care Plan
Figure 5.2: The negotiation framework for creating the integrated care plan
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Figure 5.2 shows the negotiation framework used for creating the integrated care
plan. The clinician acting on behalf of a patient contacts and negotiates with various
types of social and health care service providers. This negotiation is based on the
patient’s needs and preferences and the service providers’ constraints. The result of
the negotiation should be an integrated care plan meeting the needs and preferences
of the patient, and agreements for the term and conditions of services provided to
the patient by the providers.
The integrated care plan or the care plan contains a set of services for a given
form of health and social care episode that are needed by the patient. Each service
specifies the needs and preferences as well as the constraints of the patient, such
as date, time, cost and precedence among related services. With the agreement
from the patient, the clinician can change the details of the care plan and negotiate
with the service providers for the provision of their services, when the patient’s
conditions are changed.
5.3.2 The Conceptual Framework
Figure 5.3: The conceptual framework
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Figure 5.3 shows the conceptual framework of the system as used to create a specific
integrated care plan to meet the patient’s needs, such as the integrated care plan for
patients with a fractured neck or femur. The service negotiation occuring within the
system is between a planning broker and the service providers. The system involves
four main components: care plan tempate, specific plan, resource models and data
log.
Care plan template
The care plan template consists of a template that groups elements of the integrated
care plan. Each care plan template is defined in terms of the set of services needed
for a given form of health and social care episode. For each service, it specifies the
needs and preferences as well as the constraints of the patient, such as date, time,
cost and precedence among related services.
The clinician chooses the care plan template suited for the patient. Then the
clinician modifies the needs, preferences and constraints in the template so that
they are appropriate for the patient. The modified template is finally submitted to
the system to create a specific plan for the patient.
Specific plan
The specific plan is the result of the process of service negotiation that occurs bet-
ween the planning broker and the relevant service providers. The specific plan of
integrated care addresses the needs of an individual patient. It identifies the pro-
vision of services by various service providers, based on the terms and conditions
agreed between the care planner, the patient, and the service providers. There are
two types of specific plan: the care plan and the actual care plan.
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Figure 5.4: The relationship between care and actual plan
1. Care plan
The care plan provides details about a set of health and social care services
together with their pre-defined needs and constraints. It uses the same struc-
ture as the care plan template. When the patient’s needs or conditions are
changed, the clinician changes the details of the care plan and uses this to
negotiate with the service providers for the provision of their services. The
result of the negotiation is the actual care plan.
2. Actual care plan
The actual care plan holds the details about the service provision of integra-
ted care for a given patient and episode of care. It mainly contains details
about date and time for each service that is to be provided to the patient by
various service providers and of the provider. The actual care plan can also
be changed should the patient’s condition change.
Resource models
The resource models hold the data about any resources that are related to the in-
tegrated care plan. For the purpose of this research project, the resources for the
individual service providers are represented by their diaries, specifying the avai-
lable dates and times for providing their resources.
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Data log
The data log contains information about system actions and is used to examine how
well the system’s components perform according to expectation. The information
is recorded during service negotiation between the planning broker and the service
providers.
5.3.3 System Operation
Figure 5.5: System operation for the integrated care plan
Figure 5.5 presents the system operation for creating the integrated care plan. There
are two main operations involved: creating and modifying of the integrated care
plan. Both of them share the same operations for setting up the care plan and its
actual care plan. The create operation is used to create a new care plan and its actual
care plan from a care plan template that is suited for the patient. Then the modify
operation is employed to modify the new care plan or its actual plan when they are
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needed to be changed because of the patient’s changing conditions. The following
explains more detail for both operations.
Create
1. Retrieve and choose a care plan template that is suited for the patient
2. Change the details of the template according to the needs, preferences and
constraints of the patient
3. Issue a set of requests to the providers
4. Negotiate with the providers
The providers make reservation in their diaries for resources that are available
to provide services on dates and times requested by the patient
5. Select the providers’ offers that meet the needs of the patient
6. Accept the selected offers
7. Acknowledge the results of offer selection to the providers
The providers update the status of the reserved resources in their diaries by
performing the following operations.
• Book the selected offers
• Decline the offers that were not selected
8. Create a new care plan and its actual plan for the integrated care
Modify
1. Retrieve a care plan to be modified
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2. Change the details of the care plan according to the needs, preferences and
constraints of the patient
3. Perform the same actions as for the ‘Create’ operation, from from steps 3 to
7
4. Update the care plan and its actual plan
5.4 An Example Care Plan
This section presents an example care plan, illustrating how the care planning sys-
tem is used to create the integrated care plan, and demonstrating this with an example
use case and two scenarios derived from this.
5.4.1 Use Case
Mrs Edith Arbuthnot is a 72 year old widow, living alone in the
family home in a large village some 15 miles west of the market town.
Her husband having been a self-employed general builder, she has no
mortgage but equally few savings, and her sole formal income is her
State pension. She has two married children – a daughter Penny with
school-age children, who lives 30 miles away to the east and works
in a shop on Monday - Wednesday and Friday – Saturday. Her son
Douglas is a veterinary surgeon in private practice, who lives 50 miles
away to the north-west and has a young family. Penny often visits on a
Thursday afternoon, while Douglas visits about once a month with the
grandchildren.
When out shopping, Edith falls and is clearly in pain. An ambulance
is called, she is taken to the A & E department, and a fractured neck of
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femur is diagnosed. This is treated by insertion of a pin, and the prog-
nosis is good but with reduced mobility anticipated (initially needing
a walking frame, but with expectation that she will be able to manage
with a walking stick). As soon as her hip is stable, but while the wound
is still being dressed, Edith is moved to an Elderly Rehabilitation ward.
Discharge within 10 days seems possible on medical grounds, and the
discharge liaison nurse starts to plan her possible discharge.
(Rigby, 2008)
5.4.2 Scenarios
The consultant consults and assesses Edith for her needs and constraints. Then the
consultant passes the result of Edith’s assessment to the nurse to create the integra-
ted care plan for her treatment and support after discharging from the rehabilitation
ward, as descibed in the first ‘Create a Care Plan’ scenario. However, when her
conditions deviate from the package of care, the nurse modifies her care plan and
renegotiates with the providers for the new required or canceled services as shown
in the second ‘Modify the Care Plan’. The two cases shown in the following scena-
rios are adapted from (Rigby, 2008).
5.4.2.1 Scenario: Create a Care Plan
Case
Edith will need physiotherapy for her injury for four weeks. This treatment
can be done at a community hospital chosen by her from a number provi-
ded by a NHS Trust that is near her home. She prefers the treatment should
be held on Tuesday and Thursday afternoons. Nevertheless, she will have
physiotherapy after a physiotherapy assessment by the senior physiotherapist
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there. Sitting case ambulance transport will also be needed for the physiothe-
rapy. This kind of transport is contracted by the PCT to a several transport
providers. The availability of the assessment, the physiotherapy and ambu-
lance transport has to be established.
Operation
The nurse uses the care planning system to create the integrated care plan for
Edith as in the following.
1. Retrieve and choose a care plan template that is suited for Edith’s case
2. Change the details of the template by identifying the needs, preferences
and constraints of Edith
3. Issue the requests to the system
4. Select the providers’ offers that meet Edith’s needs
5. Accept and save the new care plan to the system’s database
5.4.2.2 Scenario: Modify the Care Plan
Case
The senior physiotherapist assesses Edith after three weeks of physiotherapy
treatment and finds that she does not need the treatment any more. There-
fore, the assessment, the physiotherapy and ambulance transport have to be
cancelled.
However, she needs assistance to cope with daily living at home, due to her
reduced mobility. Penny cannot come to assist her with bathing for a few
weeks, which she normally does once a week. Hence, the nurse has to plan
for a nursing aide from community nursing services to undertake this until
Penny comes back to do the bathing for Edith by herself.
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Operation
The nurse uses the care planning system to modify the integrated care plan
for Edith as in the following.
1. Retrieve Edith’s care plan from the system’s database
2. Change the details of the care plan by canceling the assessment, the phy-
siotherapy and ambulance transport, and then adding the requirement for
a nursing aide to the care plan.
3. Issue the requests to the system
4. Select the providers’ offers that meet Edith’s needs
5. Accept and update the care plan to the system’s database
Tables 5.1 and 5.2 illustrate the example of a care plan request and the actual plan
respectively after the ‘Modify’ operation.
Table 5.1: An example of a care plan request
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Table 5.2: An example of an actual plan
5.5 Summary
Chapter 5 has examined the nature of the integrated care plan that forms the basis of
the research case study. An integrated care plan is commonly created as a standard
clinical procedure. It provides details about the roles and responsibilities of health
professionals in preparation for hospital and social care treatements. A clinician
uses and manages the integrated care plan by collaborating and negotiating with
providers, based on the needs of a patient and the constraints of the providers.
The conceptual framework of the care planning system is used to create an in-
tegrated care plan to meet the patient’s needs. The system consists of four main
components: care plan template, specific plan, resource models and data log. The
care plan template is defined the set of services needed for a given form of health
and social care episode. The specific plan is the result of the process of service
negotiation that occurs between the planning broker and the relevant providers. The
resource models hold the data about any resources related to the integrated care plan.
The data log is used to record information during negotiation between negotiation
participants to examine the performance of the system’s components.
There are two main operations of the care planning system. The create opera-
tion is used to create a new care plan for the client: create and modify. Then the
modify operation is used to modify the new care plan when they are needed to be
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changed because of the patient’s changing conditions. The care planning system is
demonstrated by using a use case and its scenarios.
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The CAPTAIN Broker
Chapter 5 explored how the concept of the broker as well as service negotiation
could be extended to involve the development of a care plan. This chapter describes
an implementation of the broker concept to demonstrate those ideas.
6.1 Introduction
IBHIS is an information broker that is based on the concept of SaaS. It performs by
providing services that deliver integrated data that has been gathered from distribu-
ted, heterogeneous and autonoumous data sources. There is potential to extend it
for various aspects of service-based software, such as data access control (Budgen
et al., 2007), as well as to extend the concept of the broker (Budgen et al., 2005).
The information broker itself provides a service by acting as the mediator between
the client and the service providers. Consequently, three main features of the IBHIS
broker and SaaS provide scope for extension of the concepts involved in IBHIS: the
‘broker service’, the nature of the service supply chain and service negotiation.
1. The ‘broker service’
The main purpose of the information broker as realised through IBHIS is to
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provide information service helping Health and Social clinicians and profes-
sionals in their decision-making activities (Budgen et al., 2004). The infor-
mation broker dynamically locates and gathers information ‘on the fly’ from
a number of healthcare service providers and then supplies it to fit the needs
of the client. However, the client may also need other forms of the ‘broker
service’, for instance a health insurance broker service. A health insurance
broker should be an independent agency providing services to help the client
find health coverage from several health insurers in order to meet the client’s
needs and conditions. Therefore, there is potential to extend the role of the
broker by providing a number of various ‘broker services’ to the client, for
instance a health insurance broker service. The health insurance service bro-
ker should be an independent agency providing services to help a client find
health coverage from several health insurers to order to meet the client’s in-
terest and conditions. Therefore, there is potential to extend the role of the
broker by providing a number of various ‘broker services’ to the client.
2. The nature of the service supply chain
“Services are supplied through a service supply chain” (Bennett et al., 2000).
Thus the client can receive a service that is itself composed from a number of
services. The information broker is initially intended to supply the informa-
tion to the client. It can also form a primitive service in a hierarchy of service
providers by providing its information to the other service brokers, through
a consumer-supplier (retail) market. The service brokers in the higher layers
of the hierarchy of service providers do not have to deal with the original
data sources directly and can focus on their roles and let the information bro-
ker deal with the distributed, heterogeneous and autonomous data sources.
This implies that the information broker can act as an information mediator
between the other types of the broker services and the data services. From
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the perspective of the broker service, the service broker itself can provide its
services by composing services from a group of various broker services to
achieve a specific task for the client.
3. Service negotiation in IBHIS
The IBHIS application employs service negotiation for end-user authorisa-
tion to access data services (Budgen et al., 2004). It does not deal with any
conflict of interests between the end users and service providers to meet a
mutually acceptable agreement on such issues, as cost. In particular, the in-
formation broker provides services that exhibit ‘read-only’ properties in terms
of negotiation. The service negotiation performed on the specific domain of
application only involves ‘read-only’ access to healthcare data. Consequently,
the role of service negotiation function can potentially be extended to address
a full range of service characteristics.
To investigate these issues, especially the service negotiation in IBHIS, we have
developed a new system, called CAPTAIN (Care Planning Through Auction-based
Information Negotiation). The purpose of the CAPTAIN system is to create inte-
grated care plans within the healthcare sector to provide a research case study.
Figure 6.1: The structure of CAPTAIN
Figure 6.1 shows the diagram of the structure of CAPTAIN. It consists of two
main service brokers: the care planning broker or P-Broker; and the information
broker or I-Broker. The P-Broker provides care planning services by producing the
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integrated care plan for the client. It negotiates with several health care service pro-
viders based on the needs of the client. During service negotiation, the I-Broker
performs as an intermediary by identifying relevant providers of services, and orga-
nising exchange of the messages between the P-Broker and the service providers.
The system of CAPTAIN has been adapted from the architecture of IBHIS by
extending the concepts and role of the service broker used in IBHIS. According
to the concept of the service supply chain, CAPTAIN forms a set of services for
the client by including the P-Broker to combine with the I-Broker. The two service
brokers perform different roles to provide different services to the client or the other
service brokers. The I-Broker provides an information service that is a primitive
service in a hierarchy of service providers, providing information to the P-Broker.
The P-Broker does not have to deal with the original data sources of the service
providers directly and can focus on the care planning services and let the I-Broker
deal with the providers that their data sources are distributed, heterogeneous and
autonomous. In addition, CAPTAIN can extend new professional service brokers
and combine them with the set of service brokers to form a new service supply chain
for the client.
The following are the main activities used for developing and building CAP-
TAIN’s concept and its system, as well as for its testing and evaluation.
1. Develop the system architecture of CAPTAIN
The architecture of CAPTAIN was developed by combining the P-Broker and
the I-Broker into CAPTAIN to provide care planning services for the client.
2. Develop a negotiation model for CAPTAIN.
The selected negotiation models from the various contexts of negotiation re-
search have been used to develop a negotiation model for CAPTAIN by adap-
ting those concepts and elements that are suited for the aims of CAPTAIN.
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3. Define the key issues and problems of the integrated care plan
The key issues and problems in healthcare are addressed in the integrated care
plan. Then the negotiation model is deployed into the integrated care plan.
4. Incorporate negotiation elements into CAPTAIN
The CAPTAIN application has been designed and built based using the ar-
chitectural model from the IBHIS application. Elements of negotiation have
been incorporated into the CAPTAIN application.
5. Test and evaluate the CAPTAIN application
The CAPTAIN application has been built using Java 2 Enterprise Edition
(J2EE) Web Services technologies. The incorporated negotiation elements
and the care planning broker for CAPTAIN have been tested and evaluated
according to the criteria defined by these.
The P-Broker of CAPTAIN should perform the role of a care planning broker that
gathers the needs and preferences of the client. Then it negotiates with the service
providers via the I-Broker to produce the integrated care plan for the client based
on the client’s interest.
6.2 The Architecture of CAPTAIN
Figure 6.2 illustrates the architecture used for CAPTAIN. It extends the broker form
used in IBHIS (Budgen et al., 2004) to accomplish the objectives of this research.
Its overall architecture consists of four main service components: the P-Broker, the
I-Broker, DASs, and the semantic registry. The following describes more details
about the service components of CAPTAIN.
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Figure 6.2: The architecture of CAPTAIN
DASs
The DASs are a set of heterogeneous, autonomous and distributed data sources
within the healthcare sector. They consist of several kinds of health care service
providers, providing information about health and social care resources to the I-
Broker. This information is related to the needs of the integrated care plan, such
as appointments, health care professionals and the service description of the DASs.
The DAS engine of each DAS consists of “Service interface” and two main service
functions: “Query service” and “Manipulate service”.
• The “Service interface” defines a set of data service types for the I-Broker.
• The “Query service” handles queries from the I-Broker. It retrieves data from
the data sources according to the I-Broker’s queries.
• The “Manipulate service” deals with the manipulation of the agency’s data
sources according to the I-Broker’s queries.
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I-Broker
The I-Broker acts as a information mediator between the P-Broker and the DASs.
Both of them exchange messages via the I-Broker so that they do not have to know
detailed information about each other, such as message format and locations. The
I-Broker takes action in the interests of the P-Broker. It uses requests from the
P-Broker to collect information from the DASs. Then, it returns the result to the
P-Broker by blending the information from the DASs into the composite form de-
fined by the P-Broker. The I-Broker consists of three service functions: “Discover
service”, “Query service” and “Request service”.
• The “Discover service” is used by the “Query service” and the “Request ser-
vice” to locate the DASs and to invoke their data services for the P-Broker.
• The “Query service” deals with the requests from the P-Broker. It formulates
queries from the P-Broker’s requests and issues the queries to request offers
from the DASs.
• The “Request service” handles the P-Broker’s request by issuing the requests,
such as ‘accept’, ‘reserve’ and ‘decline’ offers to the DASs.
P-Broker
The P-Broker is a new “service broker” that extends the IBHIS architecture. For
CAPTAIN, the P-Broker provides a care planning service to produce the integrated
care plan for the client. It uses data and information provided by the DASs via
the I-Broker, together with by its planning knowledge repository called “domain
knowledge”. The P-Broker contains a “Planning service” component which consists
of two main service components: “Care plan formulation service” and “Care plan
implementation service”.
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• The “Care plan formulation service” is used to analyse a client’s request and
formulate the requests or queries for the I-Broker.
• The “Care plan implementation service”, then uses the requests from the
“Care plan formulation service” to collect and analyse the information from
the DASs, via the I-Broker, in order to create the integrated care plan for the
client.
Semantic Registry
The semantic registry holds information about the DASs’ service descriptions. There
are two main service components: “Publish service” and “Inquiry service”. Both
service components are used by the DASs and the I-Broker to publish and find the
DASs’ service description respectively.
To achieve the aims of this research, CAPTAIN has extended the concept of the
DAS of IBHIS in two main features: data provision and the role of data access.
1. The data provision of IBHIS focuses on patient-centric issues. However,
CAPTAIN has to deal with the service negotiation between the P-Broker and
the DASs that is based on health and social care resources. Therefore the
data provision of DASs in CAPTAIN involves service-centric issues that inv-
love data and information that is related to negotiation issues for creating the
integrated care plan.
2. For the role of data access, the DASs of IBHIS perform in a passive role (read-
only). The DAS engine accesses data sources to query content on a read-only
basis. The resource access control is based upon information content and the
user’s role. These features have been extended for CAPTAIN to provide an
active role (read-write). Before accessing the data resources, negotiation ba-
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sed on content will take place. If there is an agreement between participants,
the content in the data resources will be updated.
For IBHIS, the service description of the DASs includes many kinds of information,
for instance the specification of input and output data as well as its format; and the
access rules for using the data (Budgen et al., 2005; Raiffa, 1982). However, the
information broker of CAPTAIN does not need to deal with these issues. It only uses
simple data, for instance a service name, to discover the service descriptions of the
DASs. Therefore the semantic registry of CAPTAIN retains the basic information
about their service descriptions, such as DAS’s name, service name and its service
access address.
6.3 Negotiation Model
Service negotiation in CAPTAIN is performed between the P-Broker and the DASs
via the I-Broker. The P-Broker and the DASs act as service requestor and service
providers respectively. The approach used for this negotaition uses an auction model
and is based on the conflict of interests between the service requestor and the service
providers. The negotiation is one-to-many or multi-bilateral negotiation protocol
in which the P-Broker concurrently negotiates with several DASs. Both sets of
participants negotiate over multiple independent attributes or issues according to
the client’s request. In addition, the aim of their negotiation interaction is focused
on the client’s needs or preferences. Accordingly, the DASs generate and propose
their offers, within their constraints, in order to satisfy the client.
To deal with such a negotiation situation, the negotiation model developed for
CAPTAIN is based on several automated negotiation models from various aspects
of negotiation situations; especially Web services (Hung et al., 2004), autonomous
agents (Jennings et al., 2001), service-oriented software (Elfatatry and Layzell,
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2004), and E-business (Kim & Segev, 2003; Li et al., 1998). There are three com-
mon negotiation elements used in these: negotiation object, negotiation protocol
and decision model.
• A negotiation object or message is a group of issues exchanged and negotiated
by negotiation participants to reach their agreement.
• A negotiation protocol identifies the rules of actions or a mechanism followed
by negotiation participants during the negotiation.
• Each participant also has its own decision model. This is a decision-making
process used to make an offer or counter-offer in response to that from the
other participants. Each participant may apply a different policy, strategy and
tactic for the decision model.
The elements of negotiation for CAPTAIN have been chosen based on two main
features: the nature of the integrated care plan and the conventional negotiation mo-
del. For the first feature, there are three fundamental stages involving in producing
the integrated care plan: before, during and after negotiation.
1. In the planning stage: the clinician prepares initial information for service
negotiation by gathering information from a patient, choosing an appropriate
care plan template and modifying the care plan to suit the needs of the patient.
2. During the negotiation stage: the clinician uses the broker to find the provi-
ders and negotiates with them to produce the care plan for the patient.
3. After the negotiation stage, the clinician chooses between the offers, based
on the patient’s interest, and then accepts or declines the different providers’
offers.
These fundamental stages led to the idea of including the negotiation process ele-
ment into the negotiation model for CAPTAIN. The negotiation process consists of
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three basic stages: pre-negotiation, service negotiation and post-negotiation.
For the second feature, service negotiation needs to use a conventional negotia-
tion model that consists of three basic negotiation elements: object, protocol and
decision model. Most of the negotiation models available include these negotia-
tion elements in their negotiation model. So the negotiation model for CAPTAIN
includes the negotiation object, negotiation protocol and decision model.
The negotiation model for CAPTAIN combines the negotiation process, nego-
tiation object, negotiation protocol and decision model needed to deal with the ne-
gotiation situation that arise when creating a care plan. The negotiation model for
CAPTAIN is shown in figure 6.3.
Figure 6.3: The negotiation model of CAPTAIN
6.3.1 The Negotiation Process
The negotiation process is a dynamic end-to-end process starting from the user re-
quest and ending up with a resolution. CAPTAIN defines three core sequence stages
of negotiation process: pre-negotiation, service negotiation, and post-negotiation.
The negotiation process is explained more fully in Section 6.4.
1. The pre-negotiation stage is concerned with producing the initial information
for the service negotiation stage. There are three main sequence operations
involved in this stage: the publishing of service descriptions by the DASs, the
request generation by the client and the query formulation by the P-Broker.
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2. The service negotiation stage is the stage in which the P-Broker negotiates
with the DASs in order to produce the integrated care plan for the client. Du-
ring the service negotiation process, both negotiation participants exchange
their information via the I-Broker.
3. The post-negotiation stage deals with the negotiation results from the service
negotiation stage. The client is involved in the decision making since the
client accepts or declines the results. The DASs will be sent an acknowledg-
ment of the result of the client’s decision making. Then the content in their
internal data resources can be updated.
6.3.2 The Negotiation Object
The negotiation object contains the information needed for negotiation between the
P-Broker and the DASs in order to produce the integrated care plan for the client.
The P-Broker exchanges the negotiation object with the DASs via I-Broker during
the service negotiation stage. The I-Broker may extract some information from the
P-Broker to find the service description of the DASs from the semantic registry.
Then the I-Broker can locate and invoke the data services of the DASs. In addition,
the I-Broker may add some information into the negotiation object that will used by
the P-Broker and the DASs.
For CAPTAIN, there are three main types of negotiation object: query, offer and
acknowledgement. The query is created by the P-Broker proposing the query to the
DASs. Then the DASs respond to the P-Broker’s query with the offers. Finally, the
planning broker sends the acknowledgement of its decision-making according to
the offers to the DASs. Figures 6.4 and 6.5 show the example of negotiation objects
for a query and an offer respectively.
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Figure 6.4: Example of a negotiation object for a query
Figure 6.5: Example of a negotiation object for an offer
6.3.3 The Negotiation Protocol
The negotiation protocol defines the rules and the states of negotiation interaction
that all system components of CAPTAIN have to follow during service negotiation
process. The aim is for the P-Broker and the DASs to reach an agreement between
them. The approach used for service negotiation in CAPTAIN is based on a multi-
attribute reverse auction mechanism, whereby the P-Broker, acting on behalf of the
client, solicits offers about services from a set of potential DASs.
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Figure 6.6: The negotiation protocol of CAPTAIN
Figure 6.6 shows the negotiation protocol of CAPTAIN as described in the fol-
lowing mechanism.
1. The P-Broker submits queries to the DASs.
2. The DASs process the queries as follows.
(a) Analyse the queries, generate offers for the the DASs’ resources that are
available, provisionally reserve these for the DASs’ service provision
for the client
(b) Propose the offers to the P-Broker
3. The P-Broker processes the DASs’ offers as follows.
(a) Evaluate the offers and select the set of the offers which best satisfy the
client’s needs and preferences
(b) Acknowledge the reservation status to the DASs
i. The decline status for the unselected offers
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ii. The accept status for the selected offers
4. The DASs update the reservation status of their’ resources for both accepted
and unselected offers.
6.3.4 The Decision Model
The decision model consists of the rules employed by the P-Broker and the DASs
for decision making. Both the P-Broker and the DASs have their own decision mo-
dels which are internal and private decision processes. Each negotiation participant
has its own strategy which is used to define the plan of decisions or actions needed
to achieve its negotiation objective.
6.3.4.1 The P-Broker
The P-Broker uses the information from the client’s request to generate queries for
the DASs. When it receives a number of the offers from the DASs, it uses its own
decision model to evaluate them and to select the offers that are met by the client’s
needs, preferences and constraints.
However, from the front-end point of view, the client can also define its own
strategy in the request. The request consists of four main parts: a service name,
date details, constraints and strategies (‘earliest time’, ‘latest time’, ‘cheapest cost’,
and ‘I decide’). The P-Broker applies the client’s strategy in its decision model to
evaluate and in order to select the offers preferred by the client.
6.3.4.2 The DASs
When the DASs receive queries from the I-Broker, they use the decision model to
generate offers for the P-Broker in response to its queries. Within their decision mo-
dels, there are three criteria that are of concern: cost, reservation status and timeout.
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The DASs generate an offer for the client if the client’s requests are acceptable ba-
sed on these criteria. For the cost, the client’s request will be considered if it is
in the range of service price specified by the DAS. The other two criteria will be
explained as in the following.
Figure 6.7: The reservation states of a DASs’ diary
Figure 6.7 shows the reservation states of DASs’ diary. There are three major
states used to describe available resources of the DASs: ‘free‘, ‘reserve’ and ‘ac-
cept’. The initial state of the diary is ‘free’. When there is a service request from
a client, the DAS Engine will check the status of reservation in the diary. If the
dates and times requested are free, then the relevant diary ‘slot’ will be reserved.
After that, if the client wants to decline or accept the ‘reserved’ dates and times, the
diary will be updated, changing the status of the reservation to ‘free’ or ‘accept’ as
appropriate. Finally, if the client wants to decline the ‘reserved’ dates and times,
the reservation status of the diary will be set to be ‘free’.
No Reserve status Timeout Permission for a new request
1 Accept - No
2 Reserve No No
3 Reserve Yes Yes
4 Free - Yes
Table 6.1: The DASs’ time-out
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Table 6.1 presents the decision table of the time-out mechanism employed in the
DASs’ diary. The DASs use it to underpin the decision model about reservation of
the DASs’ resources in the diary. The table shows the permission status for a new
request from the I-Broker to updata the DASs’ diary as decribed in the following.
1. There is no time-out if the reservation status of the diary is ‘accept’. A new
request will not be allowed to update the diary for the dates and times reques-
ted. The client who reserved these dates and times is the only one that can
decline the booking so that the diary is allowed to be reserved or booked by
other requests
2. If the diary is reserved but no time-out has yet occurred, the new request
cannot update the diary.
3. However, if the diary is reserved and has ‘time-out’, the new request can
update the diary.
4. If the diary is free, a new request can reserve the diary without checking the
time-out status.
6.4 Service Negotiation in CAPTAIN
Figure 6.8 provides a sequence message diagram that illustrates service negotiation
in CAPTAIN. It includes all negotiation elements for CAPTAIN supporting the ser-
vice negotiation between the P-Broker and the DASs to produce the integrated care
plan for the client. Pre-negotiation, service negotiation and post-negotiation are the
three main stages of negotiation process, explained as in the following.
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Figure 6.8: The sequence diagram of CAPTAIN
6.4.1 Pre-negotiation
The pre-negotiation stage aims to produce the information needed for the service
negotiation stage. It involves three system components of CAPTAIN in this stage:
the DASs, the client and the planning broker.
1. The DASs publish their service descriptions to the semantic registry by using
a registry service so that the I-Broker can find their service description during
service negotiation. The service description of each DAS consists of three
basic items of data: service name, service access point and service interface.
This data is used by the I-Broker to find the services provided by the DAS, to
locate the DAS’s location and finally to access its data service respectively.
2. The client generates a request for the planning broker by choosing a care plan
that is retrieved from the domain knowledge owned by the P-Broker. Then
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the client revises the care plan to tailor it according to the client’s needs and
preferences together with any constraints. Then the request is summited to
the P-Broker to formulate specific queries for the DASs.
3. The care plan formulation of the P-Broker handles the client’s request by
formulating the client’s request as a set of queries for the DASs. Then the care
plan implementation receives these queries from the care plan formulation,
and submits them to the DASs.
6.4.2 Service Negotiation
Service negotiation occurs between the P-Broker and the DASs. They exchange
their messages or negotiation objects through the I-Broker as described below.
1. The care plan implementation service of the planning broker receives the que-
ries from the care plan formulation. It then submits the queries to the infor-
mation broker.
2. The I-Broker extracts a service name from the queries and uses it to find
candidate DASs from the semantic registry. Then it locates and invokes the
DASs’ data services.
3. Each DASs processes the queries as shown in Figure 6.9.
(a) Receive and process the queries by formulating the local queries to re-
trieve data from the data sources
(b) Check and reserve suitable available resources in its diary to provide the
required services for the client
(c) Set time-out period for the reserved resources
(d) Generate the corresponding offers
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(e) Send the offers to the I-Broker
Figure 6.9: Processing queries in the DASs
4. The I-Broker collects the offers from the DASs and sends them to the P-
Broker.
5. The P-Broker receives the offers from all DASs and processes them as illus-
trated in the Activity diagram shown in Figure 6.10.
(a) Select and accept the offers that meet the client’s needs and preferences
as well as constraints
(b) For the unselected offers, send ‘decline’ messages back to the DASs
(c) Generate or modify an integrated care plan and present the results to the
client
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Figure 6.10: Processing offers in the P-Broker
6. The DASs update their records according to whether services are accepted or
declined. (Should no response be received when a given time-out period, any
offers are assumed to have been declined.)
6.4.3 Post-negotiation
The post-negotiation phase involves the decision-making by the client and the sub-
sequent updating of the DASs’ data sources. The client needs to decide whether
to accept or decline the result from the P-Broker. Then the P-Broker will send an
acknowledgement of the decision-making to the DASs. Based on this, the DASs
update the status of the client’s reserved offers in the diaries, as being accepted or
declined respectively.
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6.5 Implementation
This section describes the implementation of the CAPTAIN application. It starts
from the original prototype that was developed using IBM WebSphere software
development tools. Then the final version of the CAPTAIN application will be
described by showing the user interfaces that represent the three main operations
related to the creation and modification of the integrated care plan.
6.5.1 The Original Prototype
The original prototype was built using IBM WebSphere Studio Application Deve-
loper Version: 5.1.1, working on Windows platform. IBM WebSphere provides
Web services development tools that are based on open, cross-platform standards:
SOAP, UDDI and WSDL. It supports Java 2 Platform, Enterprise Edition (J2EE)
that supplies a component-based approach to the design, development, assembly,
and deployment of enterprise applications.
The prototype had provided adequate support for IBHIS. The experience from
this led to the initial development of this new service-oriented application called
CAPTAIN. However, since WebSphere had not evolved adequately, the CAPTAIN
application was then re-engineered based on Eclipse IDE for Java EE Web Develo-
pers and the Apache Tomcat web application server, that both work on the Windows
platform. There are several advantages of developing a service-oriented application
with the Eclipse IDE. For example, it is open source and supports the latest of Java
and Web services technologies. The application within the original prototype was
therefore migrated to the platform of Eclipse IDE. Then new functions were created
so that the new application could perform as needed to meet the purpose of this
research.
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6.5.2 The CAPTAIN Application
The CAPTAIN system can be accessed remotely through any Web browser. There
are three main types of client operations involved in creating and managing the in-
tegrated care plan: choosing an operation, generating a request and choosing offers.
These operations are described as follows.
1. Choosing an operation
Figure 6.11 shows the user interface. The client chooses a patient id and the
following operations related to the integrated care plan.
• “Create”
The client selects the care plan template that is suited for the patient in
order to create the integrated care plan for the patient.
• “Modify” and “Delete”
The client selectes the care plan and then the types of the care plans, a
care plan or an actual plan, to be modified and deleted respectively.
Figure 6.11: Choosing an operation of the CAPTAIN application
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2. Generating a request
Figure 6.12 shows the user interface that the client uses to generate requests
from the care plan template, the care plan or the actual plan for the P-Broker.
The client performs two main operations as follows.
• Generate the client’s requests by revising the details of the care plan that
consists of four main parts: service name, details of dates and times,
constraints and expected result
• Submit the requests to the P-Broker so that it uses the requests to nego-
tiate with the DASs in order to to create or modify the integrated care
plan for the client
Figure 6.12: Generating a request of the CAPTAIN application
3. Choosing offers
Figure 6.13 shows the results from the P-Broker. They are offers provided by
the DASs. The P-Broker chooses a group of offers that are preferred before
presenting the results to the client. The client will make his/her choice before
accepting the results. Then the P-Broker will send an acknowledgement about
both the selected and unselected offers to the DASs, so that they can update
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their diaries. The accepted care plan will be kept or updated as part of the
domain knowledge of the P-Broker.
Figure 6.13: Choosing offers of the CAPTAIN application
6.5.3 Development and Deployment Tools
The CAPTAIN application has been designed and built based on experiences from
IBHIS in order to meet the objective of this research. IBHIS has demonstrated that
it is possible to employ Web Services technologies from several aspects to develop
a service-oriented application which works.
System development and deployment tools
The service-oriented application of CAPTAIN has been based on Java 2 Enterprise
Edition (J2EE) Web Services technologies. It is developed and run within Eclipse
Java EE IDE for Web Developers environment working on Windows platform. It
supports current Web services standards such as SOAP (Simple Object Access Pro-
125
CHAPTER 6. THE CAPTAIN BROKER
tocol), WSDL (Web Services Description Language), UDDI (Universal Descrip-
tion, Discovery and Integration) and XML (Extensible Markup Language).
The CAPTAIN application is deployed on the Apache Tomcat web application
server. Besides of the web user interface and the semantic registry, all of the system
components of CAPTAIN (the P-Broker, the I-Broker, the DASs and registry ser-
vice) are deployed as Web Services. Therefore, they can work together through the
three basic platform elements of Web Services: SOAP, WSDL and UDDI.
Web user interface
The CAPTAIN application is a dynamic web application. The web user interface
for the client and the P-Broker were developed and implemented by using HTML
pages, JavaServer Pages (JSP) and Java Servlets. These can be used to build a
complete Java J2EE Web Application, including a front-end and a back-end to deal
with the dynamic and complicated tasks of the client and server sides respectively.
XLS (Extensible Stylesheet Language) has also been used to present the results
from the P-Broker to the client via the web user interface. It is a transformation
language that is used to describe or specify rules about how an XML document is
transformed, formatted or displayed. It converts the XML documents received from
the P-Broker by using XPath, XSL-FO (XSL Formatting Objects) and XSLT (XSL
Transformations) to provide an HTML page. XSL-FO is used to format the XML
documents. XSLT transforms the XML document into other forms such as HTML
that appear in a web browser to a client.
DASs
The DASs’ services are employed and described by using WSDL. Their services
are invoked by the client through WSDL. The DASs’ data sources store data and
information based on a MySQL DBMS platform that is a multithreaded and multi-
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user SQL database management system (DBMS). The data and information of the
domain knowledge and the DASs are mainly stored in the format of XML docu-
ments so that they can provide a sophisticated care plan and a set of heterogeneous
and distributed data sources.
Semantic registry
The semantic registry runs on the Apache jUDDI (an open source Java implemen-
tation of the Universal Description, Discovery, and Integration), allowing clients to
publish and to discover services dynamically. The DASs use the registry service to
publish their service descriptions to the semantic registry. Then the I-Broker finds
the DASs by their service descriptions from the semantic registry. So the services
provided by the DASs can be located and invoked by the information broker.
System communication
The communication among CAPTAIN’s system components uses messaging in the
form of XML-based documents. Their messages are exchanged as SOAP docu-
ment style messages. The messaging style used within the prototype is based on
the Remote Procedure Call (RPC) which is a request/response-based synchronous
communication. With this method, the client, especially the I-Broker, can interact
with a server or invoke services through its proxies until the server side replies to
the request.
6.6 Summary
This section introduces a service-oriented broker application, called the CAPTAIN
broker. The aim of the CAPTAIN broker is to provide care planning services to a
client. It consists of two main service brokers: the care planning broker or P-Broker;
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and the information broker or I-Broker. The P-Broker provides care planning ser-
vices for the client. It acts on behalf of the client in negotiating with various service
providers to produce the integrated care plan that meets the needs of the client. The
I-Broker performs as an intermediary between the P-Broker and the service provi-
ders during service negotiation. The I-Broker finds and locates relevant providers of
services, and organising exchange of the messages between the negotiation parties.
The CAPTAIN broker includes a negotiation model consisting of the negotiation
process, negotiation object, negotiation protocol and decision model. The negotia-
tion model is used by the negotiation participants to deal with the negotiation situa-
tion that arise when creating a care plan. The result of negotiation is the integrated
care plan that should meet the needs of the client.
The CAPTAIN application was developed and run based on Web Services tech-
nologies. It supports current Web Services standard, for instance SOAP (Simple Ob-
ject Access Protocol), WSDL (Web Services Description Language), UDDI (Uni-
versal Description, Discovery, and Integration) and XML (Extensible Markup Lan-
guage). The CAPTAIN application is a dynamic web application. All main system
components of CAPTAIN, except the semantic registry, are deployed as Web Ser-
vices.
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Evaluation
This chapter presents an evaluation of CAPTAIN and reviews the ‘proof of concept’
results from using CAPTAIN. A Use Case and a number of related scenarios are
used for the evaluation of CAPTAIN in order to assess the different aspects of its
main features.
7.1 Introduction
Table 7.1 shows the main features of CAPTAIN that have been exercised in order to
evaluate the system. The evaluation of each feature will be described in more detail
in Section 7.2.
These scenarios used for evaluation in Section 7.2 are all derived from Edith’s
Use Case, as specified in Section 5.4.1 of Chapter 5. To perform the evaluation of
CAPTAIN, there are three service providers that are represented as DASs. Each
DAS contains data and information related to health care services provision for a
patient. They publish their service descriptions to the semantic registry so that the I-
Broker can find their service description and invoke the DASs’ data access services.
Each DAS has a diary that is used for reserving and booking the services that it
provides for the patient. The diary contains data such as date, time and resources,
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together with values for any timeouts used when reserving and booking slots in the
diary.
Feature Scenario Request Initial state of DASs After negotiation:
expected results
Function 1 Creation of a care
plan
A care plan
template
Diary with resources
being available to
provide services
A new care plan
2 Modification of
the care plan
A revised care
plan
Diary with some
resources reserved and
booked
The modified care plan
3 Management of
Appointment
Conflict
Requests for a
new service
Diary with the service
appointments conflicting
with the request
Diary with appointments
rearranged after
resolving the conflict
4 Management of
the Parallel
Access and
Timeout
Requests for a
new service
Diary with the service
appointments that has
timeout and conflicts
with the request
Diary with appointments
rearranged after
resolving the conflict
and timeout
Data access 5 Role of read and
write data sources
Service request
and
client’s response
to providers’
offers
Diary with resources
being available to
provide services
Diary updated to a new
service request
Negotiation 6 Time-out of
reservation and
booking services
Requests for
reservation and
booking services
Diary with resources
being available to
provide services
Diary updated to a new
service request
7 Proposition and
Selection Offers
of the DASs and
the P-Broker
Request for
reserving and
booking service
Diary with some
resources being
available for reserving
and booking service
Multiple offers selected
by the P-Broker for the
client
8 System
observation
The care plan
template
Diary with resources
being available to
provide services
The ordering of events
occuring in CAPTAIN
Table 7.1: Scenarios for evaluation of CAPTAIN’s main features
The set of scenarios shown in Table 7.1 are intended to demonstrate the three
main features of the CAPTAIN application from various aspects: function, data
access and negotiation. These features are described as follows.
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1. The functions of the CAPTAIN broker
The CAPTAIN broker or the P-Broker provides a care planning service that
performs as the central element of the CAPTAIN system. The client uses
and operates the system, through the CAPTAIN broker, to create, modify and
manage the integrated care plans. These operations are evaluated by the set
of scenarios 1 to 4.
2. The role of data access (read-write)
When the client creates or modifies the integrated care plan and submits a
request to the service providers or the DASs, the DASs deal with the client’s
request by reading and changing data in their diaries in order to negotiate
with the client. The DASs access the data sources to read and write data
records during and after the service negotiation. Therefore, scenario 5 is used
to evaluate the role of data access (read-write).
3. The negotiation model for CAPTAIN
The negotiation model is the key part of the service negotiation involving all
of the main system components of CAPTAIN. During service negotiation,
the negotiation elements have to perform properly to meet the purposes of the
negotiation participants. The negotiation elements of the negotiation model
are evaluated as follows.
• Scenarios 6 and 7 evaluate the decision models used by the P-Broker
and the DASs. They are also demonstrate the read and write features
which are related to the decision-making of the DASs.
• Section 8 examines the negotiation model for CAPTAIN, and so focuses
on the negotiation object, negotiation protocol and negotiation process.
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7.2 Scenarios
The evaluation is based on several scenarios that investigate its operations when vie-
wed from different aspects. Edith’s Use Case as specified in section 5.4.1 has been
used in order to investigate CAPTAIN. Thus, each scenario describes and discusses
the use and result of a specific application of CAPTAIN.
7.2.1 Creation of a Care Plan
Case
The consultant assesses Edith for her needs and constraints. Edith will need physio-
therapy for her injury that can be performed at a community hospital. Nevertheless,
she will need ambulance transport from her home to the community hospital. Am-
bulance transportation is provided by several transport providers. Then the consul-
tant passes the result of Edith’s assessment to the nurse to create an integrated care
plan for her treatment and support after being discharged from the rehabilitation
ward.
Operation
The nurse uses the CAPTAIN system to create the integrated care plan for Edith as
in the following sequence.
1. Retrieve and choose a care plan template that is suited for Edith’s case
2. Change the details of the template by identifying the needs, preferences and
constraints of Edith
3. Issue the requests to the P-Broker
4. Receive and select the providers’ offers that met Edith’s needs
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5. Accept the selected offers and save the new care plan together with its actual
plan to the system’s database
Result
The care plan template is a pre-defined care package that is used to create a request
for creating a new care plan. The template can be changed by a client. Its structure
is based on the client’s needs and any constraints that are applied when negotiating
with the providers. This implies that the template consists of several and different
independent variables whose value can be changed by the client.
Table 7.2: The example of a request for creating a new care plan
Table 7.2 provides an example of the care plan template that is used to create a
request for generating the new careplan. The structure of Table 7.2 consists of four
main parts.
1. Service number
A service number represents a number of the requested service that may be
referenced by the other relevant services.
2. Service name
A service name is identified the client to request for the service offers from
the providers.
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3. Operation date
This part is used to specify the dates and times of the services requested by
the patient as follows.
(a) Start and offset dates
Each service has to be defined in terms of the number of days that a
‘Start’ date begins ‘before’ or ‘after’ the ‘Offset date’. The ‘Offset date’
is the time at which the operation date of the care plan is supposed to
begin. All services identified in the integrated care plan have the same
‘Offset date’ showing how many days the service has taken from the
begining of the care plan.
(b) Time and frequency
The client defines the following details of service provision to be sup-
plied by the providers.
• ’Time’ is the range of possible times.
• ’Amount’ is the number of days.
• ’Repeat’ is the frequency of service provision.
4. Constraints
This part identifies any constraints preferred by the patient for the service
offered by the providers. For the purpose of this study, there are two types of
constraints addressed in the template.
(a) Cost
The range of the acceptable cost is identified by the patient and issued
to the providers so that they can propose service offers with acceptable
cost to the patient (or decline to make an offer).
(b) Precedent
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The precedent is specified when there is a ‘happened before’ relation-
ship between two services. For the example of request in Table 7.2,
Edith needs ambulance transportation from her home to the community
hospital about 30 minutes before her physiotherapy treatment is taken.
After submitting the request of the client to the P-Broker for the care planning ser-
vices, the service negotiation process seeks to find agreement between the client’s
needs and the providers’ constraints. The results from the providers are then the
offers that are selected by the client.
Table 7.3: An example result of creating the new care plan
Table 7.3 presents an example of the offers selected by the client. It is composed
of the columns of dates and services offered by the providers. Each date identifies
the services provided by the providers on that day. Each service presents detail
about time, cost and the name of the provider.
Finally, the client acknowledges the providers, via the P-Broker, with the client’s
decision about both selected and unselected offers . Consequently, the request and
result tables, as shown in Table 7.2 and 7.3, are saved to the system’s domain know-
ledge as the new care plan and the actual care plan respectively.
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7.2.2 Modification of the Care Plan
Case
After three weeks of the physiotherapy treatment, the senior physiotherapist as-
sesses Edith and finds that she needs assistance to cope with daily living at home,
due to her reduced mobility. Her daughter cannot come to assist her with bathing
for a few weeks, which she normally does once a week. She also needs someone to
clean her house too. Hence, the nurse has to plan for a nursing aide and community
services to undertake the house tasks until her daughter comes back.
Operation
The nurse uses the CAPTAIN system to modify the integrated care plan for Edith
as follows.
1. Retrieve Edith’s care plan from the system’s database
2. Change the details of the care plan
(a) Cancel the physiotherapy and ambulance transport
(b) Add the new requirements for a nursing aide and house task to the care
plan.
3. Issue the requests for the cancelled and new services to the P-Broker
4. Receive and select the providers’ offers that meet Edith’s needs
5. Accept and update the care plan to the system’s database
Result
Table 7.4 is the example of the request for modifying the care plan for Edith that
is retrieved from the system’s domain knowledge and modified by the client. The
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request is issued to the providers. The providers then return their offers, that are
used by the client to manage their selection, as presented in Table 7.5.
Table 7.4: The example of request for modifying the care plan
Table 7.5: The example of result of modifying the care plan
The modification of the care plan begins from the care plan that was created in
the creation stage. The modification process follows a similar process to that used
in the creation of the care plan. The client modifies the care plan, and submits the
request to the P-Broker. The P-Broker formulates a new request and issues it to
the DASs. After that, it receives the offers from the DASs and selects from them
according to the client’s needs. Finally, the P-Broker sends the results to the client
to make the final decision.
From the service negotiation point of view, the negotiation participants may
need to negotiate if both sides have a conflict of interest or if they do not achieve
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mutual agreement on the terms and conditions. The modification of the care plan
occurs when the needs and conditions of the patient deviate from the existing care
plan. Hence, the client has to renegotiate with the service providers to agree the
new terms of agreements and conditions.
7.2.3 Management of Appointment Conflict
Case
The care planner has made appointments for the house task and physiotherapy treat-
ment on Tuesday and Thursday afternoons for Edith respectively. Before the ap-
pointment dates, the consultant contacts and requests the district nurse to visit and
assess Edith’s progress. However, the district nurse can be available only on Tues-
day and Thursday afternoons because she already has the appointments on the other
days. The district nurse normally visits a patient in the afternoon because she has
the other tasks to do at a healthcare centre and a community hospital. Moreover,
only a limited number of district nurses are available to provide healthcare services.
As a result, this causes a conflict of appointments needing a rearrangment of the
appointments.
Therefore, the care planner has to modify Edith’s care plan based on two criteria:
case priority and care services sequence. For Edith’s case, the order of case priority
from high to low is the physiotherapy, the district nurse and the house task. Then
the planner considers the conflict of appointments regarding the district nurse, care
services and house tasks. The planner has to make an appointment for the district
nurse on Tuesday afternoon, then has to find an other available time for the house
task.
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Operation
The care planner uses the CAPTAIN system to rearrange the appointments of care
services for Edith in the integrated care plan. These are the operations followed by
the planner.
Add the house task and for physiotherapy treatment service
1. Retrieve Edith’s care plan from the domain knowledge
2. Change the details of the care plan by adding the house task and physiothe-
rapy treatment services for Edith on Tuesday and Thursday afternoon
3. Issue the requests to the P-Broker
4. Receive and select the providers’ offers that meet Edith’s needs
5. Accept and save the care plan to the domain knowledge
Add the district nurse service
1. Retrieve Edith’s care plan from the domain knowledge
2. Change the details of the care plan by adding the district nurse service for
Edith on the same week with the house task and physiotherapy treatment
services
3. Issue the requests to the P-Broker
4. Receive and select the providers’ offers that meet Edith’s needs
5. Accept and save the care plan to the domain knowledge
139
CHAPTER 7. EVALUATION
Result
Tables 7.6 and 7.7 illustrate the example of the appointments before and after ma-
naging the appointment conflict for Edith.
Table 7.6: The example of appointments before managing appointment conflict
Table 7.7: The example of appointments after managing appointment conflict
The management of an appointment conflict involves the addition and the can-
cellation of services in the integrated care plan. The conflict of appointments occurs
when there are more than one service wanting to make an appointment at the same
time. However, there must be one service that is most important to the patient that
can be made the appointment, while the rest of the services have to give up their
appointments and to find the other appropriate dates and times for making the ap-
pointments.
The management of the appointment conflict is performed as in the following
main operations.
1. The P-Broker receives the request from the client and formulates the request
into appropriate forms of queries. The P-Broker, then, issues the queries to
the DASs for offers. When the P-Broker receives the offers from the DASs, it
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will select the offers that best meet the client’s needs, and the dates and times
must be available for those selected offers.
2. The P-Broker retrieves the information of the current appointments specified
in the actual care plan and of services’ priority from the domain knowledge.
Then the P-Broker employs the appointment conflict function of the decision
model to analyse the offers and the current appointments, as well as services’
priority, to select the appropriate appointments for the client.
3. The P-Broker uses the following strategy to select the offers to arrange the
conflicted appointments,
• Cancel the appointment of the house task, lower priority service
• Find another available time and making a new appointment for the house
task
• Make the appointment for the district nurse at the identified time reques-
ted by the client
• Present the result to the client to make final decision
7.2.4 Management of Parallel Access and Timeout
Case
The nurse makes an appointment for the district nurse on Tuesday for Edith. Howe-
ver, the consultant informs her later that she will need a physiotherapy treatment.
She also needs someone to clean her house. Then, she asks the care planner to find
service providers and to make appointments with them for her. The care planner
modifies the care plan for her by issuing the requests to the service providers for the
physiotherapy treatment and house task services on the same week with the appoint-
ment for the district nurse. However, the service providers make the offers but the
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dates and times are the same as the district nurse appointment. The appointments
must be rearranged by considering the case priority needed by the patient. For this
case, the physiotherapy appointment is the highest priority. Then the district nurse
and the house task are ordered from high to low priority respectively. However,
only a limited number of physiotherapists are available to provide healthcare ser-
vice. There is a timeout for reserving the physiotherapist. So, the care planner has
to confirm the provider within the timeout, otherwise the reservation for the physio-
therapist will be cancelled. Then, the care planner has to modify Edith’s care plan
to resolve the conflicts that are based on two criteria: case priority and care services
sequence.
Operation
The care planner uses the CAPTAIN system to rearrange the appointments of care
services for Edith in the integrated care plan. These are the operations followed by
the planner.
Add the district nurse service
1. Retrieve Edith’s care plan from the domain knowledge
2. Change the details of the care plan by adding the district nurse service for
Edith on Tuesday afternoon
3. Issue the requests to the P-Broker
4. Receive and select the providers’ offers that meet Edith’s needs
5. Accept and save the care plan to the domain knowledge
Add the physiotherapy treatment and house task services
1. Retrieve Edith’s care plan from the domain knowledge
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2. Change the details of the care plan by adding the physiotherapy treatment and
house task services for Edith
3. Issue the requests to the P-Broker
4. Receive and select the providers’ offers that meet Edith’s needs
5. Accept and save the care plan to the domain knowledge after the physiothe-
rapy treatment’s timeout
Result
Tables 7.8 and 7.9 illustrate the example of the appointments before and after ma-
naging the appointment conflict for Edith.
Table 7.8: The example of appointments before managing appointment conflict
Table 7.9: The example of appointments after managing appointment conflict
This scenario illustrates the conflicts of appointments when multiple services
need to make the appointments at the same time. The client submits the request
to the P-Broker to formulate queries for the DASs. The P-Broker, then, issues the
queries to the DASs. When the P-Broker receives offers from the DASs, it will
select the offers that best meet the client’s needs.
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The management of parallel access and timeout involves the following main
operations.
1. When there is a conflict between the appointments, the P-Broker retrieves the
information of the current appointments specified in the actual care plan and
of services’ priority from the domain knowledge.
2. The P-Broker employs the appointment conflict function of the decision mo-
del to analyse the offers and the current appointments, as well as services’
priority, to select the appropriate appointments for the client.
3. The P-Broker also uses the strategy to make the appointment by re-organising
the services based on priority, as follows.
• Cancel the appointment for the district nurse, priority lower than the
physiotherapy treatment.
• Make the appointment for the physiotherapy treatment at the identified
time requested by the client.
• Find available time and makes a new appointment for the district nurse
and the house task respectively.
• Present the result to the client to make final decision. However, the
care planner accepts the result later than the physiotherapy treatment’s
timeout. So the provider has to cancel its reservation, and the care plan-
ner has to make a appointment for the physiotherapy session.
7.2.5 The Role of Read and Write Data Sources
Case
The consultant wants to see Edith in 6 weeks in the outpatient clinic after the phy-
siotherapy treatment in order to assess her needs with the senior physiotherapist.
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So, the nurse modifies the care plan to include a meeting with the consultant at the
clinic that is near her home.
Operation
The nurse uses the CAPTAIN system to modify the integrated care plan for Edith
as in the following.
1. Retrieve Edith’s care plan from the system database
2. Add a new service into the care plan and change its service details according
to her needs
3. Issue the requests to the P-Broker
4. Receive and select the providers’ offers that meet Edith’s needs
5. Accept and save the new care plan to the system’s database
Result
Table 7.10 illustrates the examples of the reservation DAS’s diary, in response to the
client’s request. The DAS updates its diary by reserving the date, time and resource
of service that is avialable for the client’s request. Table 7.11 presents the examples
of bookings in the diary after the DAS receives as ‘accept’ response from the client.
Table 7.10: Reserve DAS’s diary
Table 7.11: Booking DAS’s diary
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The reservation and booking of the diary slots is based on the reservation states
of the given DASs’ diary. As specified in Section 6.7, there are three types of states:
‘free’, ‘reserve’ and ‘accept’. The reservation and booking states of the diary for
the specific date and time are toggled in different states for different situations as in
the following.
• The initial state of reserve status is ‘free’.
• The diary slot is reserved (‘reserve’), when there is a request from the client
demanding a service at the specific date and time, and the diary slot for that
date and time is in a ’free’ state. Then, the offer will be generated and returned
to the client to make the decision as to whether to accept the offer or not.
• The diary will be updated, changing the status to ‘accept’ or ‘free’ if the client
accepts or declines the offer respectively.
The role of data access for CAPTAIN is therefore in an active role (read-write).
The data sources in the DASs are accessed according to the requests from the P-
Broker. They are read and written to during and after service negotiation between
the P-Broker and the DASs. Their negotiation is based on content.
From the perspective of the DASs as service providers, they can negotiate with
the client or service requestor by changing or updating the data in their data sources
so that they can generate different kinds of offers to the client. On the other hand, the
client can also negotiate with the DASs by responding the client’s decision making
based on the DASs’ offers.
7.2.6 Timeout of Reservation and Booking Services
Case
The senior physiotherapist assesses Edith and finds that she does not need the phy-
siotherapy treatment any more. However, she still needs assistance to cope with
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daily living at home once a week for two weeks, due to her reduced mobility. Her
daughter, Penny, wants to come to assist her with bathing and house cleaning on
Tuesday during the two weeks, but she is not sure whether she can come because
of personal needs. So she asks the nurse to find and reserve for a nursing aide and
house tasks from community nursing services to undertake this. Then she will tell
the nurse later about her decision on this.
Her daughter tells the nurse a few days later that she can not come to assist
Edith by herself on the days that both services have been reserved. Then she asks
the nurse to book the offers reserved for both services so that there will be someone
to take care of her mother. However, the reserved nursing aide service has already
been booked by the other client because of its time-out. The providers do not have
many resources for providing the nursing aide service. Therefore, the reservation
for this service has timed-out. If the client does not confirm the reserved service
within the time-out period, the service will be set to be avialable for another client
to reserve or book the service.
Operation
The nurse uses the CAPTAIN system to modify the integrated care plan for Edith
as in the following.
Reserve the services
1. Retrieve Edith’s care plan from the system database
2. Modify the care plan
(a) Add the nursing aide and house cleaning services into the care plan
(b) Change service detail of both services according to Edith’s needs
3. Issue the requests to the P-Broker
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4. Receive and select the providers’ offers that meet Edith’s needs
5. Save the care plan and actual plan to the system’s database
Book the services
1. Retrieve Edith’s actual plan from the system database
2. Choose to accept the reserved offers for the nursing aide and house cleaning
services
3. Issue the requests to the P-Broker
4. Receive the results from the providers
5. Accept and save the actual plan to the system’s database
Result
Table 7.12 illustrates the examples of the DAS’s diary slots that are reserved by the
client. Table 7.13 presents the examples of bookings in the diaries after the DAS
receives confirmation of the booking from the providers reserved offers.
Table 7.12: The example of diary slots before time-out
Table 7.13: The example of diary slots after time-out
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The diary’s table includes the fields of ‘Record time’ and ‘Time-out’ to deal
with the time-out mechanism of a DAS’s diary. Before recording new data into the
diary, the DAS will check whether the diary’s record of the date and time specified
by the new record has expired. The DAS compares the system’s time with the data
in the ‘Time-out’ field of the specified record. If the specified record in the diary is
expired or time-out, then the DAS will update specified record with the new data.
Otherwise, there will not be any operation for this specified record..
Time-out is involved in the DASs’ decision making in dealing with the client’s
request and managing DASs’ diary or resources. The time-out must be defined in
the diary in advance. The record will be read to check time-out everytime. If the
record has timed-out, it will be written with the new data.
7.2.7 Proposition and Selection Offers of the DASs and the P-
Broker
Case
The consultant wants Edith the progress of her physiotherapy treatment to be as-
sessed by the senior physiotherapist at the community hospital. Hence, she needs
ambulance transport that collects her at the earliest time she can manage. The am-
bulance transport services are provided by several transport providers offering dif-
ferent kinds of ambulance vehicles and prices. The nurse modifies her care plan
and makes a request to the providers to propose their offers about the ambulance
transport services.
Operation
The nurse uses the CAPTAIN system to modify the integrated care plan for Edith
as in the following.
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1. Retrieve Edith’s care plan from the system database
2. Add the ambulance transport service into the care plan and change its service
detail according to her needs
3. Issue the requests to the P-Broker
4. Receive and select the providers’ offers that meet Edith’s needs
5. Accept and save the care plan and actual plan to the system’s database
Result
Table 7.14 shows a number of offers for the ambulance transport service that are
proposed by the different providers.
Table 7.14: The example of DASs’ offers
Each DAS representing a provider receives the requests from the P-Broker via
the I-Broker. It translates the requests into local query formats and retrieves the
relevant data from the data sources. Consequently, it employs the decision model
to generate the offers for the client. For the purpose of this study, the DAS employs
three main criteria when generating its offers.
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• The cost preferred by the client
• The dates and times available for providing the services that are requested by
the client
• The time-out period for the client’s reservation.
The DAS’s decision model will generate the three following types of offers for the
client. Then the DAS will send them to the P-Broker via the I-Broker.
• The offer with the cheapest cost
• The offer with the earliest time
• The offer with the latest time
When the P-Broker receives the offers from the DASs, it uses the decision model
to choose between the offers for the client. The decision model of the P-Broker
employs two types of strategy to select the offers
• The P-Broker strategy
The default or private strategy of the P-Broker is used by the decision model
to select between the DASs’ offers.
• The client strategy
The client can define the strategy to be used with the expected result from the
P-Broker. There are four types of client strategy, as follows.
– ‘Earliest time’
– ‘Latest time’
– ‘Cheapest cost’
– ‘I decide’.
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Therefore, the P-Broker selects the offers for the client by following the sequence.
• Select three offers that provide the earliest and latest time together with the
cheapest cost.
• Choose those selected offers based on the client’s strategy.
For the case of Edith, the P-Broker chooses the offer of ‘A Company’ that it costs
12 pounds and provides service on 21/03/2010 during 0900-1000. If the client’s
strategy is ‘I decide’, the P-Broker will choose and return all of offers to the client
so that the client can choose one of them.
From the perspective of service negotiation in CAPTAIN, the decision models
employed by the P-Broker and the DASs are the main negotiation elements that are
included in the negotiation model for CAPTAIN. The decision model together with
the protocol for the negotiation are the key parts of the service negotiation that is
conducted between the client and provider sides.
The P-Broker and the DASs represent the service requester and service provi-
ders. Both sides use their own decision models for decision-making dealing with
various negotiation circumstances or issues in order to meet their objectives of ser-
vice negotiation. The DASs have their own decision models that are used to gene-
rate the offers. The client and the P-Broker also have their own decision models
or strategies that are used to response the DASs’ offers. Depend on the purpose of
the negotiation, different system components apply different strategies to negotiate
with their participants.
7.2.8 System Observation
This section describes how the system behaviour of CAPTAIN is observed in terms
of the main system components and the events that occur in the system during ser-
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vice negotiation in CAPTAIN. The aim is to make sure that the system components
are performing their tasks properly. Firstly, it begins with the background of some
approaches especially the partial ordering of the events. Then it investigates the
ordering of events in service negotiation for CAPTAIN.
7.2.8.1 Ordering of Events in Distributed Systems
In a distributed system, ordering of events or processes is one of the key aspects that
is needed by an observer in order to analyse the system for such purposes such as
performance analysis, monitoring and debugging the system (Fidge, 1996; Raynal
and Singhal, 1996). “Messages must be ordered according to their cause-and-effect
relation to ensure correct behavior of the system” (Zuberi and Shin, 1996).
A partial ordering of the events is one of the popular approaches that is used to
examine the ordering of events in a distributed system (Lamport, 1978). A distribu-
ted system consists of a group of different processes which are spatially separated.
Each process consists of a sequence of events. Based on an application, the events
in the process are mainly classified into three types.
• The exchange information by sending or receiving a message in the process
• The execution of a subprogram
• A single machine instruction on the computer
For any single process, the sequence of the events with a priori total ordering des-
cribes how an event takes place before or after the other event. In a particular
sequence, one of two events occurs first. This partial ordering is defined as the
“happened before” relation, denoted by “ ”. The relation on a group of events of a
system is regulated by the following three conditions.
- if a and b are events in the same process and a occurs before b
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then a b.
- If a is the sending of a message by one process and
b is the receipt of the same message by another process,
then a b.
- If a b and b c then a c.
(Lamport, 1978)
Therefore, this approach is useful for understanding or analysing any multi-process
system. The events or discrete actions provide the means for an observer to observe
what is occurring in the system (Fidge, 1996).
7.2.8.2 Ordering of Events in Service Negotiation for CAPTAIN
To investigate the ordering of events in service negotiation for CAPTAIN, an event
logger is used, where records this also the timestamp of a sequence of the events,
occurring when there are the execution of a subprogram or interactions among sys-
tem components of CAPTAIN. For the purpose of this research, the event logger
records the timestamp when the ‘receiver’ system component receives the message
sent from the ‘sender’ system component that the event of the ‘sender’ “happened
before” the one of the ‘receiver’.
The event logger is employed as a web service. It receives event data from
those system components during the process of service negotiation in CAPTAIN,
and records the event data into a log file. There are two types of event data.
• The names of the system component
• The event together with its timestamp, the time at which a certain event oc-
curred
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The example of the event data is event(‘P-Broker’,‘receive offers’,‘I-Broker’,‘2009-
03-15 09:47:13.908’). This event occures in the P-Broker when it receives a mes-
sage from the I-Broker on date and time as 2009-03-15 and 09:47:13.908 respecti-
vely. The second is set to three fractional digits that produces timestamps to milli-
second precision.
Figure 7.1: The ordering of events in service negotiation for CAPTAIN
Figure 7.1 shows the sequence diagram for the ordering of events in a service
negotiation for CAPTAIN. It also illustrates the timestamps of the events of the sys-
tem components interacting each other during service negotiation. The ordering of
events starts with the P-Broker submitting a query to the I-Broker. Then, the “hap-
pened before” system components send messages to the receipt system components
at a particular time and a specific point of the each event as shown in 7.1. Finally, the
P-Broker receives the result from the I-Broker. These events form the serial events
in timestamp order. Therefore, all system components process their tasks, and then,
send and receive messages among them as in orders specified by CAPTAIN.
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From the perspective of service negotiation in CAPTAIN, the ordering of the
events implies that all system components are regulated by the negotiation process
and protocol to work together to produce the integrated care plan for the client. The
negotiation objects or messages are exchanged by sending and receiving among the
system components, following the process of service negotiation serial.
7.3 Summary
This chapter presents the evaluation and reviews the ‘proof of concept’ results from
using CAPTAIN. The evaluation has been based on a use case and its scenarios.
They focuse on the three main features of the CAPTAIN application: function, data
access and negotiation. The client can use and operate the application by using three
main main service functions to produce the integrated care plan: create, modify
and delete. For the data access, the providers provide data access services that are
based on the ‘read-write’ property. During and after negotiation, the providers’ data
sources are accessed to read and write the negotiation content in their data sources.
The CAPTAIN broker can negotiation with the providers to meet the purposes of
the negotiation participants. The result of the negotiation is an integrated care plan
that meets the needs of the client. All system components of CAPTAIN perform
properly in order to work together to produce the integrated care plan for the client.
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Discussion
This chapter interprets and discusses the evaluation of CAPTAIN as presented in
Chapter 7. It discusses the achievements and limitations of CAPTAIN, particularly
as related to the system architecture, implementation and the negotiation model.
Then, it examines how well CAPTAIN answers the research question.
8.1 Achievements
The evaluation, as presented in Chapter 7, focuses on the three distinctive features
of the CAPTAIN application: the functions of the CAPTAIN broker, the role of data
access and the negotiation model. The achievements of the CAPTAIN application
are described as follows.
The functions of the CAPTAIN application
The CAPTAIN application performs the main service functions that meet the
purpose of this research. The client can use and operate the application, through the
CAPTAIN broker, by using three main service functions to produce and manage the
integrated care plan: ‘Create’, ‘Modify’, and ’Delete’. The result of the integrated
care plan meets the needs of a patient.
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• Create
The client can use the care plan template, as a pre-set care package, to create
a new care plan for a patient. Each care plan template is specified in terms of
the set of services needed for a given form of health and social care episode.
The client chooses the care plan template that is suited for the patient. Then
the clinician changes the details of the needs, preferences and constraints in
the template so that they are appropriate for the patient. The changed template
is finally issued to the system, through the P-Broker, to create a specific plan
for the patient.
• Modify
Modification to the integrated care plan occurs when the patient’s needs change
and deviate from the existing care plan. The client can modify the care plan
and submit a new request to the P-Broker to negotiate with the DASs for new
offers. The modification operation will also require some further service ne-
gotiation between the P-Broker and the DASs in order to agree the new terms
and conditions.
• Delete
An integrated care plan is deleted when the patient’s case is closed. The
integrated care plan is deleted from the domain knowledge. Any outstanding
appointments in the data sources of the DASs are cancelled.
During service negotiation, some conflict may arise that requires the client to revise
the integrated care plan. For the purpose of this research, the client has to cancel
the less important service appointment and to make a new appointment through the
DASs. Then the client makes the appointment for the new service at the specific
date and time.
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Data access
For the access services provided by the DASs, the active element of the role of
data access (read-write) is the important new element provided for the service ne-
gotiation mechanism, especially for the DASs. The P-Broker can provide care plan-
ning services by negotiating with the DASs to create the integrated care plan for the
patient. The negotiation between the P-Broker and the DASs is based on content.
During and after negotiation, they exchange their negotiation objects through the I-
Broker providing information services to the P-Broker. According to a request from
the P-Broker, the I-Broker invokes the DASs’ data access services to read and write
the negotiation content in their data sources. The DASs evaluate the P-Broker’s
request, generate their offers and update the content based on the agreements bet-
ween negotiation participants. This represents a substantial development from the
read-only role performed by the DASs used with IBHIS.
Negotiation model
The negotiation model is the key element of the CAPTAIN application, needed
if it is to perform properly. It consists of four main elements: negotiation process,
negotiation protocol, negotiation object and decision model. From the evaluation in
Chapter 7, we have been able to show that all negotiation elements of the negotiation
model perform as expected. The main system components of CAPTAIN, including
the client, follow the negotiation process and protocol by organising the exchange
of negotiation objects among them before, during and after service negotiation in
order to produce the integrated care plan for the client. Both of the negotiation par-
ticipants, the P-Broker and the DASs, employ their own decision models that may
involve several decision-making processes, for instance the selection of the DASs’
offers by the P-Broker; and the evaluation of the P-Broker’s requests and generation
of the offers by the DASs. Each negotiation participant has its own strategy for dea-
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ling with the negotiation opponent. From the service requestor point of view, both
the client and the P-Broker are involved in the decision-making of the selection of
the DASs’ offers. This operation is part of the decision model employed by the
negotiation participants.
The system behaviour of the CAPTAIN system
The observation of the system behaviour of the CAPTAIN system shows that
the main system components can perform their tasks and interact with each other
correctly during service negotiation. The system components process the tasks and
exchange their messages by sending and receiving the messages among them as in
the sequence of events or the processes of service negotiation. The sequence of the
events with a priori total ordering illustrates that an event takes place before or after
the other event. Therefore, the proper ordering of the events entails that the main
system components of the CAPTAIN system are regulated to work together in order
to produce the integrated care plan that meets the needs of the client.
The main characteristics of the CAPTAIN application
From the implementation aspect, the CAPTAIN application has been develo-
ped and implemented by using ‘state of art’ service technologies. The application
performs as a proof of concept service-oriented broker application that deals with
heterogenous, distributed and autonomous data sources. It is a flexible and adap-
table planning system demonstrating a full range of service-based software charac-
teristics: description, discovery, negotiation, delivery and composition. All system
components work together properly to produce an integrated care plan for the client.
Particular characteristics of the application include:
1. Adaptable plan
The CAPTAIN application provides planning services that produce an adap-
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table integrated care plan that is based on the needs of the client. The client
can revise and renegotiate the integrated care plan whenever the client’s needs
change.
2. Resource flexibility
The DASs provide for resource flexibility by managing their resources diaries
in response to the queries of the P-Broker. The resources, that are available to
provide services to the patient, consist of service appointments in the DASs’
diaries and identified in the patient’s integrated care plan.
3. Dynamic data integration
The P-Broker of the CAPTAIN application dynamically integrates data on
demand, through the I-Broker and semantic registry, where the data is drawn
from various DASs that are autonomous, heterogeneous and distributed data
sources.
4. Platform independent
The CAPTAIN application is platform independent. It is capable of being
installed and run on different kinds of standard platforms, such as Microsoft
Windows and Linux. Its web user interface also allows the client to interact
with it through any internet browser.
8.2 Limitations
The purpose of this research has been to investigate and develop the CAPTAIN
system, a service-oriented broker application that includes negotiation elements to
perform service negotiation tasks among the system components. However, there
are limitations of the “proof of concept” demonstration system in terms of some of
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its aspects, which are described as follows.
Semi-automated negotiation system
CAPTAIN is a semi-automated negotiation system that, through the P-Broker,
involves the client in negotiation with the DASs. The client defines the strategy for
obtaining an expected result to the client’s request, so that the P-Broker employs
the client’s strategy together with its own strategy to negotiate with the DASs and
then to select from the offers made by the DASs. Then the P-Broker presents the
selected offers so that the client chooses them and then acknowledges the final cho-
sen offers to the DASs. It is therefore necessary to involve the client in much of the
decision-making involved.
Reverse auction mechanism
The approach used for service negotiation in CAPTAIN is based on a reverse
auction mechanism, whereby the P-Broker, acting on behalf of the client, solicits
offers about services from a set of potential DASs. However, the reverse auction
mechanism has some limitations, which includes.
• The decision model of the P-Broker uses a fixed strategy. When the P-Broker
receives offers from the DASs, it selects offers with the ‘earliest time’, ‘la-
test time’ or ‘cheapest cost’ according to the client’s requirements. Hence
the decision model is not flexible enough to be tailored to meet more compli-
cated terms and conditions of a client’s needs, in response to the providers’
constraints.
• Only the P-Broker can propose a request to the DASs. The auction mecha-
nism does not allow the P-Broker and the DASs to negotiate with each other
by exchanging their offers and making counter offers until both negotiation
participants are satisfied with the results. Therefore, in such circumstances,
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the P-Broker’s strategy cannot be adapted to respond to specific offers from
the DASs.
Consequently, while the reverse auction mechanism demonstrates the potential for
using negotiation, the resulting integrated care plan produced does not necessarily
fit the best offers for the patient.
Domain knowledge
From the system implementation point of view, the CAPTAIN’s domain know-
ledge retains only the care plan and actual care plan together with the patient records
and system service priority. The domain knowledge does not hold and provide data
and information related to the service negotiation that can be used by the P-Broker
to negotiate with the DASs, such as a negotiation policy and strategy. Such a nego-
tiation policy and strategy would be useful to enable the P-Broker to negotiate with
the DASs to obtain more appropriate service offers for the client.
Synchronous interaction
In terms of system performance, the interaction or communication between the
I-Broker and the DASs during negotiation is synchronous. With this method, the
I-Broker sends its request to the DAS and waits until it receives a response from the
DAS. Consequently, the use of a synchronous mechanism can cause considerable
delay, especially when the I-Broker interacts with many DASs. To overcome this
problem, the communication mechanism for the CAPTAIN system should really be
asynchronous. This would enable the I-Broker to invoke the DASs’ data services
without waiting until a DAS has responded back. In the meantime, the I-Broker
could also invoke the other DASs’ data services. Adapting this form could improve
the performance of the CAPTAIN system.
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To improve the negotiation process, the CAPTAIN system should include the
care planning management service into the P-Broker in order to deal with the offers
from the DASs. To do this, however, CAPTAIN would need to adapt its concepts
and system in some aspects, especially the system architecture, the negotiation mo-
del, and the system implementation as discussed below.
1. The negotiation protocol should be based on a bargaining model rather than
an auction. The P-Broker and the DASs can then exchange their offers and
counter-offers during the negotiation until both sides achieve the mutual agree-
ments on terms and conditions.
2. The negotiation model or the decision model should include some negotia-
tion elements that are related to the decision-making process of the P-Broker,
for instance policy and strategy. The negotiation policy is “A general gui-
ding principle for achieving a business negotiation goal under some specified
conditions”, while the negotiation strategy is defined as “The specifications of
decisions and actions for implementing negotiation policies” (Li et al., 1998).
One option is for the P-Broker to be able to alter its strategies on the fly to
negotiate with the DASs and to manage the care plan by evaluating the offers
against the care plan.
3. The domain knowledge includes not only the patient, template, care and ac-
tual plans but also the information related to service negotiation, such as po-
licy, strategy, tactics, feedback from negotiation and the other kinds of deci-
sions model, for instance a cost-benefit model. Therefore, the care planning
service can use this information to negotiate with the DASs and to manage
the care plan to meet the needs of the patient.
The scenario “Management of Appointment Conflict” in Section 7.2.3 is an example
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of how the integrated care plan can potentially be improved by the care planning
management service that includes the negotiation policy and strategy. By using
the policy and strategy, the care planner can define various kinds of policies and
strategies that are flexible for the P-Broker to deal with different negotiation cir-
cumstances. The house task and physiotherapy services have made appointments
for Edith on Tuesday and Thursday afternoons respectively. However, a district
nurse needs to make an appointment and the nurse will be only free at the same
time as the appointed times of the house task and physiotherapy. The P-Broker may
solve the conflict of appointment by employing the negotiation policy and strategy
to rearrange the best appointments for these services.
The other limitation is the multiple service requests that the P-Broker formulates
into the sequence of services. To deal with the complex multiple requests, it may
need to use a decision making model, such as Constraint Satisfaction Problems
(CSP) in order for the P-Broker to handle more complex requests.
8.3 Addressing the Research Question
This research has investigated and developed a service-oriented broker application
that incorporates elements of negotiation in order to demonstrate a full range of ser-
vice characteristics. It was motivated by the limitations of the previous demonstra-
tion of a service based distributed information management system, where sources
acted in a passive role, providing information to the client. The IBHIS service-based
broker architecture addressed only information gathering, with the role of service
negotiation being limited to access control. These limitations led to the research
question:
“Can we extend the service-based broker architecture incorpora-
ting negotiation elements to enable the development of a planning bro-
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kering service system that is flexible?”
The concept of the planning broker is one means of addressing the research ques-
tion. Its approach to the development of a planning system is one of extending
the service-based broker architecture. The main contribution to accomplishing the
extended architecture is by adding the planning service broker, together with mo-
difying the role of service negotiation and the DASs. The extended architecture
includes the planning, negotiation and software service-based models so that the
planning system is flexible and adaptable enough to deal with the dynamic needs of
the client and the constraints of the providers. The three models involved define the
characteristics of the system as follows.
• The planning model is the central structure of the planning system for orga-
nising resources to meet the needs of the client.
• The software service-based model provides for decoupling from individual
resources. It provides the dynamic service context that can find and use new
resources as they become available, without a need to use a fixed set of per-
manent resources.
• The negotiation model enables adaptation of the details of the plan, based on
the interest of the client, by interacting with the providers.
Scalability is a major outcome of the extension of the software service-oriented
broker architecture. The service-oriented broker software can be developed and ex-
tended by including a new service broker, through a service supply chain within
a software services open market. “Services are supplied through a service supply
chain” from primitive services to consumers (Bennett et al., 2000). The primitive
services, at the bottom of the chain, are the information broker services providing
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information gathered from diverse data services of distributed, heterogenous and au-
tonomous data sources. The information broker services provide their information
to a group of various types of service brokers, at the higher layer of the service sup-
ply chain. These service brokers are formed as a hierarchy of software services pro-
viders: supplier-supplier (wholesale) and consumer-supplier market (retail). Each
service broker itself can be either the software service supplier or consumer, or both.
The service broker may compose a number of lower layer broker services to provide
its services to the consumer. The final service provision of these broker software
services, through the service supply chain, is to the consumers, who are at the top
of the chain.
The new service broker then can be added to the service supply chain. The soft-
ware service-oriented broker architecture can be potentially extended with the new
service broker. Therefore, the architecture forms the the basis for incorporating dif-
ferent kinds of service-oriented broker application with this structure.
The other main outcome of this project is the flexibility of service interaction
between the service brokers that is made possible by the negotiation model. Each
negotiation element has a different role for accommodating the flexible interaction
among the brokers.
1. The negotiation process is a dynamic end-to-end process starting from the
service request and ending up with a resolution. The negotiation process
consists of three main stages as follows.
(a) The pre-negotiation stage accommodates the broker to prepare and pro-
duce the initial information for the service negotiation stage. The intial
information includes a service description published by the broker.
(b) For the service negotiation stage, the broker negotiates with the provi-
ders to obtain the best deal results for the client.
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(c) The post-negotiation stage deals with the negotiation results from the
service negotiation stage. The client is involved in the decision making
about the results. The providers may be acknowledged with the result
of the client’s decision making.
2. The negotiation protocol defines the negotiation interaction mechanism follo-
wing any agreed rules by the brokers.
3. The negotiation object is used by the service brokers to communicate and ex-
change information with each other during service negotiation or interaction.
4. The decision model consists of the rules employed by the service brokers for
their decision making. The brokers have their own decision models which are
internal and private decision processes. Each broker has its own strategy for
interacting or dealing with the other brokers’ response or actions, so that the
broker can achieve its negotiation objective.
Therefore, the negotiation model should allow the flexible tailoring of a number of
other candidate brokers’ services so that the broker can obtain the required services
that offers the best deal from those candidate brokers.
8.4 Summary
We have interpreted and discussed the evaluation of CAPTAIN. We have also dis-
cussed the achievements and limitations of CAPTAIN, particulary the system archi-
tecture and implementation as well as negotiation model. Finally we discussed how
well CAPTAIN answers the research question.
The demonstration of the CAPTAIN application, as the ‘proof of concept’,
shows that it achieves the main objectives of this thesis focusing on three main
features: function, service negotiation and data access (read-write). The CAPTAIN
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application provides a number of major characteristics of service-oriented software,
especially adaptable plan, resource flexibility, dynamic data integration and plat-
form independent. However, there are some limitations of the CAPTAIN applica-
tion, for instance its use of semi-automated negotiation and synchronous interaction.
To answer the research question, the concept of the planning broker is one approach
to extending the service-based broker architecture in order to enable the develop-
ment of a planning brokering system. The resulting planning system is flexible
and adaptable because of the service-oriented broker architecture that includes the
planning, negotiation and software service-based models. The primary outcomes of
this thesis are to demonstrate the scalability of the software service-oriented broker
architecture and the flexibility of service interaction between the planning service
brokers.
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Conclusions
This chapter presents the conclusion of the thesis, summarizes its contribution as
original work and identifies directions for further work.
9.1 Summary
The aim of this thesis has been to develop and investigate a service-oriented broker
architecture that includes an element of service negotiation. The research method
adopted for this study was based on “Concept Implementation”. The objective was
to develop a “proof of concept” system that could demonstrate the feasibility of the
proposed model. A service-based broker architecture was therefore developed and
evaluated through a case study. The key issues and problems of the case study were
defined within a particular context of the healthcare sector. A negotiation model
was also developed for the service negotiation and included in the architecture. The
key features of the resulting prototype were demonstrated by using a set of scenarios
based on the use case, and used to evaluate the potential of the extended service-
based broker architecture.
This thesis has therefore explored the concepts and role of a broker employed
in a service-oriented application that includes negotiation elements in order to de-
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monstrate a full range of service characteristics: description, discovery, negotiation,
delivery and composition. It is called the CAPTAIN broker (Care Planning Through
Auction-based Information Negotiation). The service-oriented broker architecture
of CAPTAIN has extended the concepts and role of the broker model, service nego-
tiation and data access used in IBHIS (Integration Broker for Heterogeneous Infor-
mation Sources). IBHIS is based on the concept of a software service-based model,
called Software as a Service (SaaS). The IBHIS information broker performs by
providing information services that gather data from distributed, heterogeneous and
autonoumous data sources.
CAPTAIN includes planning, negotiation and service-based models to provide
a flexible and adaptable planning system. It uses an integrated care plan to provide
a research case study. The CAPTAIN application has been developed based on
three main foundations: software service-based models, brokering services and a
service supply chain. It produces an adaptable plan and provides flexible resources
in response to the needs of a client by dynamically integrating data from diverse
data sources that are autonomous, heterogeneous and distributed. In addition, it is
platform independent and so able to be implemented and executed on various types
of standard platforms, for instance Microsoft Windows.
The CAPTAIN application provides a planning broker service for a client. In
performing the role of a broker, the CAPTAIN broker acts on behalf of the client to
negotiate with the service providers in order to reach agreement of terms and condi-
tions of services supplied. The negotiation process uses a reverse auction model to
address the conflict of interests between the client and the service providers. The
result of the negotiation should then be an integrated care plan that meets the needs
of the client.
The prototype proof of concept implementation was based on Java 2 Enterprise
Edition (J2EE) Web Services technologies. It has been developed and run within
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the Eclipse Java EE IDE for Web Developers environment working on a Windows
platform. It supports current Web services standards, such as SOAP (Simple Object
Access Protocol), WSDL (Web Services Description Language), UDDI (Universal
Description, Discovery and Integration) and XML (Extensible Markup Language).
The CAPTAIN application is a dynamic web application. All main system compo-
nents of CAPTAIN, except the semantic registry, are deployed as Web services.
The demonstration of the CAPTAIN application has been based on a use case
and its scenarios. The evaluation of the CAPTAIN application has addressed the
three main features: function, data access and negotiation. The result of the evalua-
tion has shown that the CAPTAIN system meets the aim or the criteria for success
of this study as follows.
1. The functions of the CAPTAIN broker
The CAPTAIN application can perform by providing a care planning service
through the CAPTAIN planning broker to a client. The client can use and ope-
rate the application to produce and manage an integrated care plan by using
the application’s three main service functions: create, modify and delete. The
result in the form of the integrated care plan can then meet the needs of a
patient.
2. The role of data access (read-write)
The CAPTAIN broker performs the role of a care planning service broker
while the service providers or the DASs perform an active role to negotiate
with the planning broker in order to achieve the objective of an client. They
negotiate via an information broker providing information services to the
planning broker. The service negotiation is based on content. If the plan-
ning broker and the providers agree on terms and conditions of the providers’
service provision, the information broker can access the providers’ data ac-
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cess services with the ‘read-write’ property in order to update the content in
their data sources with the new status of the service negotiation.
3. The negotiation model for CAPTAIN
The negotiation model is the key part of the service negotiation. It involves
all of the main system components in order to produce the integrated care
plan to meet the agreement between the CAPTAIN broker and the service
providers. The negotiation model also permits the plan to be adapted, based
on the client’s interest, by interaction with the providers.
In addition, the CAPTAIN system is a distributed system consisting of various se-
parated system components. CAPTAIN has demonstrated that the main system
components can properly perform their tasks and interact each other by exchan-
ging their negotiation objects among them as in the ordering of events regulated by
CAPTAIN. Therefore, the proper ordering of the event should lead to the system’s
performance producing an appropriate result that meets the objective of the client.
The two primary outcomes of this project are as follows.
1. Scalability of the software service-based broker architecture
The separation of concerns, demonstrated by the combination of planning
and information brokers within the software service-oriented broker architec-
ture of CAPTAIN, is potentially capable of being scaled into a larger group
of different kinds of service brokers. A new broker service can extend the
service-oriented broker architecture, through the service supply chain within
a software services open market in which the primitive information services
are provided by information brokers. Each broker can act as a service provi-
der or a third party composing and tailoring fine-grained services from other
service brokers in order to obtain the best deal for a consumer. However, the
consumer itself may be the service provider supplying its services to the other
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consumer or service broker. Therefore, the extended service-oriented broker
architecture can be used as the basis for various types of service-oriented bro-
ker applications for different purposes.
2. Flexibility of service interaction between the planning service brokers
The negotiation model makes it possible to employ and apply flexible inter-
actions among the service brokers. The model allows tailoring of a number
of other brokers’ services in order to obtain the plan that is offered the best
deal from a selected broker or third party.
An example of the outcome is travel services. A packaging travel broker can pro-
vide a service of planning of a journey package including flight and hotel plans for
a consumer. The packaging travel broker would find both flight and hotel plan-
ning brokers from the other brokers in the travelling software services market, and
negotiate with them for the flight and hotel plans that each offers the best deal.
When there is a further broker service for rental cars, the new rental car broker
is added into the the travelling software services market. Therefore, if the consumer
wants a plan for the rental cars, the packaging travel broker can also find the rental
car broker and negotiate with them for tailoring the best plan from a group of rental
car providers.
In conclusion, the concept of the service-oriented broker architecture can be
extended to enable a scalable and flexible distributed information management with
interaction. A new service broker can be included into the architecture so that it can
perform diverse types of distributed information management services. In addition,
the service broker can interact with the other service brokers by employing the
negotiation model to deal with the conflicts of interest among them. Therefore the
extended distributed information management system with interaction is scalable
and flexible.
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9.2 Further Work
Based on the research in this thesis, there are some questions left unanswered by
the limitations of this research. These lead to a number of possible areas for further
work as follows:
1. The negotiation model
The capability of the broker could be enhanced to deal with more compli-
cated negotiation scenarios. This would require the negotiation model to be
extended by including new negotiation elements, such as a negotiation policy
and a negotiation strategy. The broker would then be able to perform more
flexible service negotiation by choosing appropriate strategies and policies
for negotiating with the service providers.
2. The negotiation mechanism
The negotiation protocol that is based on an auction mechanism is not suffi-
ciently flexible to handle negotiation involving complicated terms and condi-
tions that reflect continous and rapid changes of a client’s needs against the
providers’ constraints. Therefore the service-oriented broker application needs
to adopt a bargaining model to deal with such complicated negotiation situa-
tion. The bargaining mechanism can allow negotiation participants to nego-
tiate with each other by exchanging offers and counter offers until both sides
are satisfied with the results. Thus the use of a bargaining mechanism should
lead to better agreement for both sides.
3. The role of domain knowledge
The role of domain knowledge could be extended to retain and provide data
and information related to the service negotiation, for instance a negotiation
policy and strategy. Hence the broker could keep relevant negotiation infor-
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mation and uses it to guide future negotiation with the providers.
4. Automated negotiation based on a semantic-based framework
A semantic-based framework could be employed to support automated nego-
tiation within the service-oriented broker architecture so that the negotiation
can be more adaptable and flexible, for instance a semantic-based framework
or ontologies for supporting negotiation in service oriented architectures (Co-
muzzi et al., 2009) and electronic commerce (Tamma et al., 2005). Hence,
the service-oriented broker application should support a wide range of nego-
tiation mechanisms.
5. The concepts and role of the service broker
The concepts and role of the service broker should be applied to other as-
pects of service provision for a client, for instance electric commerce that has
been dominant in the global software services market for decades. Conse-
quently, the service-oriented broker architecture should be modified from the
planning service broker to the other type of the service brokers, such as a
buyer service broker. The result of this further work should demonstrate that
the service-oriented broker architecture can be used not only for the planning
within healthcare context but also in other service contexts.
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